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GENERAL DYNAMICS
cmmW &nWs

'this updated Atlas MisSIon Planner's Guid presents new information on the perforniance capabili-
ties of Atas. Higher performance is now offered as a result of a success-ful develoipment program
and an ongoing enhancement program., A greater rangec of vvhicle configurations arid. perfouinance
tvels is also offered to~ allow a closer march to customer reqtjents and to lowecr cost. The per-
fotax data is prsnted in srufficient detail, for preliminaty assestnmenl of the General D)ynmmco
velude family for youar musQarnus.

'This gunke includes essential tecihnjical a.ns pwg~trjaaie daa sr preliminary isonplanning ani
preliminary spacecraft de-sign. Interfaces, are iii suficiem detal to assesms 361 fiy rder eomtwbduily.
Ak brief description of the -Atlas vehicles and the lwncb facilities i-S a1-) gi'en, SeC- the cIvnpalion). AA4-is Launch Scrnces Ncsliiy Guide for qmparait prmucesng and launch servs at Spa ce i aunch

Ibhis guide is subfrc to changs and will Kc rcmwd pcriOdivwly. tnop~a Of !4-kiic L(WntCAeS-
baselinec inforinurio will be AM$C~~ aduptked tn -addretss ywcific custoner pcot an re-~

1kv further udorwmfaiw Pleaw. contact:

..fr. Robert V. iWhet
Uinc~a s ?Ating &Wd Bsaixss t womu

(009) 4"~42O
FAX (61 4) 4W64055

CGMMIi kfluasks COa*.tiu W-lWAunh S~C.
W444 VUklboa Avnue, Suite 2'l-A

San Dcgt. Califouua QZIZ)3
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of the Atlas G'Centaur vehicle. It is designed to fly Atlas IIAS is similar to the Atlas IIA except for

with the large payload fairing (14-foot diameter), the addition of four Castor IVA oid rmket rnoton;.
which increases the payload voiume to acconmm- SPACECAFT ACCOMMODATIONS

date today's larger spacecraft (Figure 2). General Pyr~ami-s offers tam payLoad fairng configu-

Atlas I1 builds on the Adas I configuration to pro- rations and seven spacecraft adapters (five with sepa-

vide increased performance capability. Atlas 11 up- ration sst ens) to acom odate a ide range c

grades inclute increased bxt .er engine thrust, and spacecaft reiquirements. Figure 3 illustrates the ce-

lengthening of the propellant tanks. In adiduon, a lopes for both the lauge payload fairing (LPF) and the

new state-of-thc-art guidance and navigatitm avion- mediunt payk)ad fairing (MPIR Both fairings are

ics suite, the inertial navigation unit (INJi ;. has been compatibl with each of the Atlas hiuclc configura-

added. tiknM

Atlas iIA is similar to the Atla, l! mcept that the The Type A. Al. B. H. C. Cl. andl D adz,,ters pro-

Centaur's Pratt & Whitney RL 10 propulsion system vide industry standard nochanical interfacei (Figure

has been uprated and the avionics has been up- 4) Each adapter nay be used with any of khe pay-

graded with the additim of the remote contro unit load fairings and Atlas hicleg The scparati*M sys-

(RCU) tens povidcd with ,he standard "l'pe A. Al, '.111.

0 4s,,'j......*

k.°o
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L" and D adapters are similar. Each wsparaicm sysmem
14 FAU cons. ts of a clamp band set and scpaz-atin .prir.-&

T (3 to giv the necessary separation energy after the
camp band is released. The Tlp C and Cl adapters

WNW provide bolted interfaces for spacecraft-provided

OM W4 Iadapters or mission-peculiar requirenients. Section
4.1 defines the spcifics for each interface.

A1,, t - - ATLAS AND CENTAUR HERITAGE

MW.. Atlas and Centaur hawc played a major role in the
I U.S. spac program since the iu0ch of the world's

L first comnunicatlos satellite (SCORE) on Atlas

10B in Dccmber 19% Soa of thse historic vents

include:

*First American in oibit (Mercury ) (Atlas 109D)

* First launch of a 5quid hydrogen stag (Centaur)

pqdj4iWj-t * First lunar tiiasio (Suiveyor)

,1 I- '.. -__

+"L Li""T1111 "',l, i T-I)I,, 1 inH IIi

-i ",L-LIA+  J - L""152 I -jf
1~eA 1 I F I lp.

41Ki

11K

31A
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" All United States phnetayw msslo Iamhedon tion. procesing and e atlnm. through launch
ELVs (Atlas and/or Centaur). opertions and VerificaWio of the orbiL Our l2u1C

" The ".h Ada launch. in M9 (Ala 53E) service includes:

As launch vehicle needs havechanged.d aswvchi 3 L Whick
des hav evolved to meet the new mission require- b. Launch operations services

awnts. Figure 5 iliustrates somne of the specific c. Missam-njculiar equipment design, test, and
vehicle configurations &wn ovr the years. plr ducion

Rm isAw ' d. Ibchnical integration and interface design be-

Atlas space lainch vehicles flown primarily with twn the launch vehiule and spacecraft

Centau and Agena ipper stages have a demon- C. Prgram Management
strated -eiabiUty of96% (123 successes out of 128 L Launch facilities and suppoit pmvisioms
iaunch attempts). g. PPF and HPF facilities

('ent ir LP4, flown sincr 1973. has an outstand- I. Spacecraft support at CCAFS
ing 96% suou reoaWd (43 successes aw of 45 (light i. Mission progam management
itials. j. iNdation of spceaft separation sequence

The cutrent family of A.WsI'>enaur launb vv- and orbit
icies iam a clcronrated cliabiliv ol 9% wing k Range safety interfae.

the widely accredited D CmtbqdokW. V provide adminstrative guidance and assis-

COMME ICIAL iAUNCII SIMVEf, . tu= when necessaiy, for imipmtexpot licenscs j
Gemwal Dynamics Cwjwrcal Launch Servimu of- permits, and clearances fromv gi mmeu and pa-
(0ts au14Hlbunch xeVi. Winm SPA=ecAft hia - Uticaentties.

amA MM am aw OP$ HIM MA amL on" M

at" .I b W. D U W4
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The General Dynamics Comnercial Launch Space Center and Cape Canaverai Air Force Station

Services organization provides a single point of con. agreements covering payload and Atlas launch ye-

tact. the mission manager, to the customer, The mis- hicle processing facilities servic and range sup-

sio manager is rposible for program port are complete.

dvelopment, integration through lauch. a ADVANTAGES OF SELECING ATLAS
uact completion. The mission manager chairs key

meetngs nd rvitw. ~Our Atlas vehicles &zw suviecs provide 0ic follow-meetings and reviews and participates in mileso e n k y ad a ta e
events at the launch site. He works c1ly with hWi

Atlas vehicle manager counterparts. Figure 6 shows 1. Dedicated launch pad to ensure commercial

the interface managemnt concept. launch schidules and maintain commitments

Launch vehicle and mission-peculiar design and 2. Singie-paykd manifesting to cnsure launch

development. as %Q as technical integration and sernice dedication and responsiveness

management. are accomplished in San Diego. 3. A mnture 1aunci wet-e, in both launch opera-

Cafmnia. tions and vehicle design

Labuch opeatioms are perCfmd at Cape 4. An e~pieknced tearn that has launchmi ocvr 40

Canaveral Air Force Station (CCAFS) Florida couWnunications Z1I4?tes

(Figure 7). Pkvod processing is nornally per- S. Moderate. payld launch €,vironmwnts (shock.

trined at the Astroeh facIties in Tituivilit, Ftv- vibration, autic, thermal. tc.) that are gener-
* ida (Figure 8). NASA and USAF filitiles at ally Ow thn those of oftr launch vchicks

Kennedy Space Center and CCAFS are available if 6. Mlon design flebifity denk-lsrated in a di-

required. The launch operations manaer directs wise wry of nitm P ic ;rn os U.&

the General Dyrrnaics team during spacoaraft proc- planetary usions and numerous p tationary

eing and launch. CWuWWWsperl aft OA-ite PCP Uans er otbit mi&W

sound wink directly with tk niltsk-m amung and T FCZbeb mission desi capability pttwides

launch operations team. maiatum spaweeaft onorbit fifeti e thrugh

AU goveramet agreeents required for wo. optnunad use of spwwrdt and Centaur

nmcial lawches have beea aprov& TU Kennedy PW WAW systems

GEM.OWAMc
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1 * THE ATLAS LAUNCH VEHICLE
O 1.1 DESCRIPTION hAS) engine system, which includes the su;tainer.

The Atlas launchvehicle system consists oftheAdas two vernier (Atlas I), a-s oz booster engine (tv
booster. the Centaur upper stage, and the payload thrust chambers). All engines are ignited prior to
fairing. Figure 1-1 gives a summq description of liftoff and monitored until 70% thrust is achievet
Atlas subsystems and characteristics, after which a controlled release occurs. '"ne bowter

ATLAS - Atlas was originally developed by the engine package is jettisoned during ascent and sus-

U.S. Air Force as an intercontinental ballistic mis- tainer-povered flight continues ("sustainer phase")

sile. Early in development. Atlas madethe transition until propellant depletion

to become a versatile and highly reliable space Solid Rocket Booser (SRB) - The Atlas IIAS uses
boa,;:. John Glenn made his historic flight on this four 'fl o Castor IVA SRBs. This motor was se-
vehicle. It has since undergone a series of improve- letted based on its performance and the excellent re-
ments. including tank lengthenit.% enjine perform. liability record (9994% success in over 1,79O flights)

ance increases, and system rmodetnization. of the Castor solid motor family. Each Castor IVA

CENTAUR - Centaur was developed as the wld's SRO is 37 feet long and 40 inches in diameter. 1W~
first high-energy. liquid oxygen4iquid hydro pro- are ignited at liftoff and the remaining two ate air-lit.
pellant stage. Sin* its first launch. gon Structural modifications required to attach the
through several perfomac and reliability up-
thrughesprual itherf ras e etoic and up SRDS include a redesign of the Atlas thiust section.

s p l an increase in Atlas skin gauges. and the addition of
an attachmint ring in the fuel tank (soe Figure -2).

1.2 ATLAS MAJOR ChIARACTERISICS
The Atlas booster is of thin-walL fully r won que, The Alas is iittegated with the Centaur %ehice

corrosion -ressunt Stainless steel 'owt:'"Wlium The by the interstage adapter. T7his aluminum sWn
furl tank which contains RP-1. and r oxidizer stringer frame structure provides the strucural ink

tank. which contains liquid oxygen, are sqnrated by between the Atlas and Centaur whicle. 1he Atlas

an cliipfdal eimWb bulkhd. Strctura in. vehicle is separated from the Centaur wehicle by a

tqrnty of the tns is maintained in flight by the pyrotecnic flexible linear shaped chair system at-

pressurization system awd on the pound by either tached to the ftwfd ring of rte intterstage adapte-.

intern tank pressure or by applicatim of mechan- 1.3 CENTAUR MAJO R LtA ACTERISTICS
Cal sltrew The Centaur prwpe A --mt tanks, like thods ofthe Atlas

The Atlas booter is controw-d by lte Centaur lower stage. are constructed of thin.wall fully mono.
avionics system which provides guidance flight eque. corrotion-resistan stanless steel. Centaur
control, and vehicle sequencing functions. An cxter- emloy high.enert liquid hydrogca and liquid
al equipment pod houses Ats systems including o s n propeUqants separated by a double-walt-

Atlas flight temination. prtellant utilization, vacum-insulated interodiate butkhead. bmk
imnumatics, and inattumentation, stabiliation is maintained at all times by either

O Allas booWter plduOlmo is piuvidcd by either the iutewn tl presuriza ikN or application of meanic"
PWWJtdyae MA-5(At as i)or MA-SA(Atlas 1i. RA. strtch.

1-I
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CAMA-

Rewie 1-2 Ala W14 UMkJ

th* stub adaUer and equipment modue ate at- Centaur KLIO Engine - The Cetaur tipper stage

tathed to tie fwncd end of the Centaur. The stub utifzes two Prau & Whitnety RLIO engines Ite
adajnerIsbted to terwardrin of teCtauu RLIOK-3A on an Atas I and Atlas U1 is rated at

tank aWd sVupt the equipomet module. payload 16.30 lb thrust. The RLIOA4 on the Atlas RA and

faling. and spaeecaft adapter. The equipwca Alas IiAS is rated at 20J00bN91.1 kN) thrust with.

module attadies to the fivend ring of t utub out an extendible flunk, and at 20.0) Ib! (915 LJN)

adApte and provides uwurtng anrangrnau for tith ao extendble nozze. The engine is a ginibatled.

t CtoUn avio packags andoh spzctuft tWtopump-ed vcpeahtiy owled. sinl-

adapte (Niurt 1.3), chamber ro&ck ngi amsisti of a fixedprtony

Qtur no4 = p owe nte uzzl and an opgta secondary extndibl rwnk

eqwpment module proide conznA tr5.- ni~i (Haed 11gwn peoancc thwugie an d icell.i

of AVi vehwe functons. lt Ennui) navigation unit U g=t

(1t4U) PahfoM !be inestal gudance and -attitude
amol cornpuwton fmr bothn Atlas and Centaur tA MYLOAD VOLUMEO phase of fisht and also providts control for Atlas The usable payload w~ume 1i4 dendn upon th

and Centaur tank p essus and prpellaint us. spaceraft Adapter aWd paykad (airing eraploycti

1-3



A, Al. B. BI, and D adapters employ a pyrotechnic

V-band clamp system. Adapters and separation sys-

tems ar discussed in detail in Section 4.

Each Atlas vehicle configuration is compatible

with each of the payload fairings, adapters, and sep-

aration systems. Because of structural and propul-

sion system differences betwen the vehicle

conliguratioms. there are minor differences in space-

SMA cfaft environmens. Asumnmary ovhicle structural

mompatiblity aud the differeeces in environinents is
vm provided in Table 1-1.

61UK

rwum 1-3, Mh *ieNftl is mawed to thge Cew~auw Uqff

Nur row payload compatment arrangements are

availabk with the pe A through D spafe .t -

adaters and medium and Inge paykod faitirip.

1.4.1 PAYIA)AU FAIRING -T-lepaykoad fairing

protcts the "axcwaal from time of enCap1whution

through atmimpheri ascnt. The Atlas user has a

choice betwc'n the arge or medium .yioad faisin

crfigurato).

tvr either failing, a thermal shied of Uostic

blaket can be ,lded should the Vpaeecraft require

more benign einr wouerts. It additioaW payload

Wring w4ume is requited. General InDnamics has
uiwigpted lengtheninS the laurg payload bariv
(refre¢nce Section 7.4).

Both the rVrge &nd medium haiings re discusmd
in greater detail in Section 4.

1.4.2 SPACECRAT AIVAT ERASON SEMRAT

SVSTEM - The spamecraf: is mounted to the. oklum

bunch ick uing a spacecraft adapt. The T p 4dowd p -iueE.

1-4
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2 * ATLAS MISSION DESIGN AND PERFORMANCE
, (Xr the last three decades. the Atlas and Centaur The cvrstom performnance option provides a per-

stageshave flown together as the Atlas/Centaur -arid fomance evel that is slightly higher than in the pre-
with oter stages (e.g.,. Atlas/,Agena and Titan/Cen- vious Mission Planner's Guide.

taur) to deliver avantety atcomr TtciaL mnilitaryarid The Block- I perfonnance ophinn provides a sig-
scierntic payloads to their target orbits. Based on nificant increase in perfornunce through an uprate
our experiencs with wevr -1400 Atlas baa iChCS. per- of the Centaur propulsicon system and a series of ye-

fcvmance for each lawnch vehicle is determined by tacl stict"ta and software enhancements
wngineiit analysis of& devlod and new hardwe As suartcd by the sabl. Atlas is capable oflhc-
with emphasis placed on cosraieperfom-ance mng Launched fro Cape Canaveral Air Fovrcc Sta-
predicto to ensuve each vehicle tmeet design es- (Ca .CAFS) in Fkorida andJ is now pslawied to be
pectans. With Atlas I and Atlas 11 operatiomul launched fromn MAnanbntrg Air FRice liaw (VAFU)
and Atlas H1A nearing its initial laurid capability, in C ti&i This sectifn further descitws Atb~s 1.
eniginecung estirnites o4 Atla family perforance 11, Ilk arid HAS misionw and perfoenrancc option
cpabilies h-av been red-e to reflec iflighu, available with a lrvida taurtch. Additionial n~foIIntI
qualied baidware pertmnance char-ncuistici andl ast perfomnm dita with baunch fromn VAF4 is
t'ir impntvcd knowkd~r 4$ de-vlope haidwate. In po~di eton8o hsdtnn

-addUu. e wta l c hclenhancnn otios arc
a uw being dowloped udc cintract. Wth thtis 'n- IStNL WWNV Atlas is4 a rdiablc an vewtileo launch *st.sent ca-

foamatwnm, Atlas family perfiormanwc tfcnng haw
heeu' iaiptiA-d and em.4wuW TS 2 1 igwu Ow 'ay*.i"'8 PA 4to a- wi&e ranige i' ow at

&nw ate ta hnho lngh U1 Wul .ibt~eiptical transfert twbiw and
oL-* pa w,,m w L pabiht" of the d zcswp4 tra .vwcsono : 1-a A ttn lavuwh w .

'11w stana (01t) performanke oxptiit rcijs lu k. availabkewist.. ethe a mediuM (M&i') Cie 1416x
a reduced pcdwnnnit kwwi by constvxaing the p6ylaJ (aifing 4l i s dcdtC;Acd Wi a Yttje? pays

rraai~i d~nto a Standar ascent proouk Waad l'"c tuajcdtuiy tkSig 40 cai missiv Is

A"I Uawnt 114u Faw eft

SIM 431w, Wa C4win t" WK
M$17 tomt UI aAS P,11M
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spWcifially tailored to optimize the mission's criti- If targeted to an elliptic transfer orbit, the samilite

cal pcrfonnance parameter (maximum satellite or- then uses its own propulsion system to achieve the

bit lifetime, maximum weight to transfer orbit. etc.) final mission orbit Missions requiing circular final i

while satisfyin sateite and launch vehicle con- orbits will use the second Centa;r burn to circular-

straints. ize the satellite at the desired altitude and orbit

Atlas mission ascent profiles are developed using inclination Fifty-eigh. Atlas/Centaur R&D Lnd op.

one or more Centaur upper stae main engine bums. crational missions have flow't using the parking

Each mission profile type is suited for a particular orbit ascent mission profile.

type of mis.ion. 2.2 ATLAS ASCENT PROFILE

Direct As"et M s - With a one-Centaur-bum To familiarize users with Atlas and Centaur mission

mission design he Centaur main engines are ig- sequences. informatin is provided in the folowing

nitcd just after At|s/Centaur separation and the paragraphs regarding the direct and parking orbit

burn is c ,,.!inied titil th Centaur and spacecraft ascent mission designs. Figure 2-1 shows sequence
are placed into the targeted orbit. fentadrfspace- of events data for a typical parking orbit ascent ntis-

a. lcdit h tgee orit Cnare. sioii. Table 2.2 shows typic.; mission sequence data

craft separation occurs shortly after the burn is com-

pleted. irect asents are primarily used for low for each Atlas vehicle for a typical geosynchronous

Earth c-rcular orbits and elliptic orbitswith ofbitge- transfer mission. This data is representativet actual

otuetr~es (i.e.. arguments of perigee and inclina- sequencing %ill vaiv to meet th re uircawnts of

tions) easily reached hom the launch site. Orbits ecb mission, i

achievable with little or no launch vehicle ,w steer- 2.2.1 BOSTER PHASE -Atlas can be launch d

ing add thos that can be optimally reached without at any tinie of day to meet statecraft missiwn re-

coast phases between burns arc prime candid4.ts quirements. At liftoff. the bostefr ascent phase be-

for the direct ascent mission design. Ailas/Centaut gins with igpition of the ROkeidynm MA-5/MA-SA

has previously (low, 15 missions using the direct as- engine syslm arid, -fi Atas IIAS the first par (d

cent design. Thiok-! Castes IVA solid rocket boostsrs (SKlU,

Parking OrW Acat Mlsiioa - Parking orbit as- During the showttvetical rise away from the pad.

cent, used primarily for geosynchomocuis transfer the vehicle rll from the laumwh pad azimuth to th

missions, is the most widcy used Atlas trajeory appropriate flight a~imuth. At a vehicLe-dependent

design. Performance capabilitfies are based im two altitu&e betwer Uft(215 in)and IAKMGft(X4$ o).

Centaur bunts injecting Centaur and the satellite the vehicle begins pitching twer into the prescribed

into , transfer orbit selected to satisfy mission re- acent profile. At approimately U00 ft (24M i)

qireants. The first Centaur .urn cotmencet just the vehicle enters a nminal zero pitch and yaw

after AtlasCentaur separation and is nts 1o injcct angk of attack phase to. minimize aerodynamic

the Centaur/spacecraft into a missio perfti- loads.

anie-optimal parking orbit. After a coast to the de- FKv Atlas lIAS. the first pair of SRiU burn out at

sired location for transfer orbit injection, the sc.md apprnmately 54 stconds into flight. Ignitin of the

Centaur main engine burn provides the impulse to seond pair is governed by structural kWding pa-

place tfhe satellite into the transfer and/or final orbit. ramaeters. First pair jettison occurs when range safe-

2-2
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SPACECRAFT CO~RIES IN MWSION ORFaT
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Tble 2.2. Tjpk-l GTO m w laweck v */de se m-e data

EVen W 1 "~ in Con" Ad" I AUM IV ABUS IA AVUS HAS
• d6I Go-We -1 1.0 -114. -11.0 -11.0

V SAO ip ,i(Mn PAUAS) -..... -0.5
LiW 0.0 0.0 0.0 0.0
IN SA3 Pik ,mOA(UAS) ..- 54.1
2tS SAB pok W1gw ( -.... s.S
lint SMPOW i1m AS) -- 081
2W AO pr Sp 'unom PAS) .... 112.1
2nd Spajsir US J- ON -IS 114,1
Am boo@a 0 0 C"o (BECO) 15&9 1I.4 1887 167.9
BeOOW padaW M g B PJ) 159.0 171.5 171.8 171.0
ftfton ubr ~ An w 160.9 ......

%yPed y u Wtmio n (PFJ) 22 . 22ZI 229.9 20.6
Adn6 v i q Cl" (SECO) 265.8 276.1 274.3 27.4
A,1 SI Wa o 2678 270 276.2 279.4
Bsein amft noul dublfnuw U. UAS) .... 2778 200.9
Cerag nu inn nu (MESI) 2W8.3 2W.6 2904
Cs~ir main eni" c" (MECO) 580.3 678 5M6. 5.5
Stt am MES2 840Sa 8*2.8 856.0 621.0
Cee9mx main min w (MESM 1440.3 14"2.8 1456.0 1421.0
Cu~u m~ n M L (ME02) 1533.4 1578.0 1541.3 1517.4
SWt 10t on% thd* 1535A 1580.9 1543.3 1518.4
Bsgin uipV 1590.4 1672.9 1635.3 1611.4
SOP ae (SEP) 114 1753. 9 17163 1692.4
SM UnIo CCAM ad 17".4 1813.9 17763 1752.4
C~GtW &en WnWMo ~39. 3552. 3513.4 3480.7

10510670ey parameters are meL Mw second pairsjeuisoned implemented through our lunch day ADDWUST

vio seconds after burnoul wind steefing programs. which enhance launch

,toricaUy. a nominal zo total angle of attack availabiity by controlling wind-induced flight loads.

been maintained for Aflas/Ceawur missions FoIowing jettison of the booster engine and asso.

im &00 ft (2438 m) throuth booster canige cutoff ciatd WW twum flight C0=±WtS! dw * -

SEC%) Gemsr] Dyuiamics is inpmnigan al. tainer phase. For Atlas L the fiberglass insulation

pha-blI aeot-autack steering pfile late in the panes ate jetisoned a pOi=tely 25 seconds after

bxute phase. Atlas lEA wissions will use this al, BECO. SusidnC engine cutof (SECO) occurs

pha-bias string technique from apprWDxmately vw all available sustainer propegants re con.-

80.ON ft(24 380 m) through DECO to fudtr weduce sued. Selected aunwsphetic ascent data from Uft.

gravity and steering b off through first upper stage bum accompanies the

Booster Staing occurs when the dired axial ac. peerrance data for each Launch vehicle at the end

celea n is att L F'or Atlas 11. and IIA GO of this sect (see Figres 2-7,2 -16, and 2-22)

mlsons BIICOtypicallyoccursatanaxialacceer. For typical Atlas missios, the payload fai n is
ation otS.. F,r Atlas AS, DEC occum at 5.2 g. jetsoned prior to SECO. when 3-sigm fte Moiec
Earier staging for reduced maximum axial accelera. ular heat flux falls below 360 Btu/"thr (1135 Wtre-
600 and/or optimum mission design is easIly Ac- For sensitiv spac caft, payload (airingjeltison canC c plished with mino associated clangn in be delayed later into the flight with Se perfarm.

performance The booster phase steering profile is an= loss.
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2.2.2 CENTAUR PHASE - Centaur main engine At a guida-,ce.caleulated start time. the Centaur

start (MES ar MESI) occurs 10.5 seconds after the main engines are reignited and the vehicle is guided

Atlas stage is jettisoned. For direct ascent missions, to the desired orbit. Upon reaching the target. the

the Centaur main bum injects the spacecraft into main engines arc shut down (MECO2) and Centaur

the targeted orbit and then performs a series of pre- begins its alignment to the spacecraft separation at-

separation maneuvers. With parking orbit ascent titude. Centaur can align re any attitude for npara-

missions, the Centaur first burn (typically the longer tion. Preseparation spinups to 5.0 ± 0,5 rpm can be

of the two) injects the spacecraft into an elliptic per- accommodated.

for.ance-optimal parking orbit. Following first After Centaur/spacecraft separation. Centaur

burn main engine cutoff (MECOI). the Centaur and conducts its collision and contamination avoidance

spacecraft enter a coast period. During the coast pe- maneuver (CCAM) to prevent recontact and mini-

riod (approximately 13 minutes for a typical geo- mize the contaminaton of the spacecraft.

synchronous transfer mission), the Centaur

normally aligns its longitudinal axis along the veic-.

ity vector. Because typical parking orbit coasts are Atlas performance ground rules for various mis

of shot duration, most spacecraft do not require sions with launch from Cape Canaveral Air Force

special pointing or roll maneuvers. Should a space- Station in Florida are described m this sectio.

craft require attitude maneuvers during coast 2.3.1 PAYLOAD SYSTEMS WEIGHT DEFINI-

phases. Centaur can accommodate all roll axis align- TION - Performance capabilities quoted through-

ment requirements and provide roll rates up to out this document are presented in terms of payload

LO t 05 degrees per second in either direction during systems weight. Pftymd 4 yseu mright (PS ) is d-

arwlit ng periods. Greater roll rates can be eva- oaaf .s t tal om ddiwmd to tM e M rit, k-

luated on a mission-peculiar basis. Prior to second du d vdwsz ,wom*, t *swp r*4o-4 uA

Centaur burn main engine start (M ES2), the vehicle shkk &d*qv, and ei othw hard, h .sur requivon the

is aligned to th ignition attitude and the engine start la" wk c to suevS th p$ykvd (a pa Jid, it

sequence is initiated. sumixao Ve, emmessLg. w.). "ible 2-3 pro-

Totik 2-3. Wrf.wawt efjtcs of *wcrq$..vquiWr AaWdve

Poufmwsce e fect paylod adtW mase lb (k]:
TVV* A Wpe B Type C T1e a
105 (48) 1o (4 s4 A 143(65
Ty" Al TypeIa TOC1
1131511 130(SOj 51 (=3

Pedsomance effect 09 or 0."k" hadw e Ob (kg)]:
Stangd PLF Acouft PLF Vwr" Envoitofi vmW aton

1$(7) 25(11) 8(4) 20 j)
Suaw" pKevi cos a~ tvt 2uwwui awn (ReS) on Cetko pILS two Uwwdxd &ooSS
dom a wad.NiftlQ &eW n a caAwme ioW on "~ payload"~

0the hwdwW*:
Caur rwwe &Mect pefltw at 22 1b (I kg) mas to 2.2 1b ( kgo) p * -,an,, ratio
Peyio fak*V lgcw" &Nac PunftanM a -19.8 b (9 kg) mass to 22 i (1 ko) perv*mance ra
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vides weights for our standard payload adapters the 3-sigma confidence, levL Thiat is. performanceO (see Section 4.1.2 for payload adapter details), Data shown will be attained or eaeem with a 99.87%
is also provided estimating the performance impact probability.
ofvarious mission-peculiar hardware requirements. For the elliptical transfer orbit data. Genieral Dy-
As a note. pesfornance effects shown are approlo. namics has baselined a 99% confidence level per-
mate. The launch vehicle trajectoty, spacecraft formance rese. Because many of todafs
mass. and mission target orbit can effect the per- comncain satellites can benefit from reduced
formance contributions of each mission-peculiar launc vehJicle confidence levels (and the associated

ium nominal performance increases), minimum residual

2.3. PAYLOAD FAIRINGS - All performance in shutowun data is also discussed. General Dynamics
this document is based on use of the 14-ft (42-rn) will respond to any desired pexfortuanc confidence

diameter larg payload fairing. GD also offers an 11-ft level requirement needed by the user.

(33-m).iarnewe medium payload fairing, Higher 23.4 CENTAUR SHORT-BURN CAPABILIY -

performance is available for thiose payloads that fit For low Earth orbit (LEO) mission applications,
in the medium fairing Performance gains are ye- Genera Dynamics has evaluated the launch vehicle
bide configuration and trajectory design-depend- requirements for shor-duration Centaur second
ent, but for OTO missions the gain is approximately burns. With mnissions requiring short-duration sc.~
30D) lb (135 kg) ond! burns (15 -30 scconds), minor hardware and se-

For spacecraft that require greater volume tha quenciog changes may be required. Propellant

W the Mtndard large payload faiag, a 3-ft (1-nm) rtuaswlbe bied oee roper eg ne pro-

stretch to our targe fairing has been evaluated. Per- pelLant inlet conditions at main engine start. Cen.
fbiassic will degrade approximately 150 lb (65 kg) taw main engine burns as short as 15 secoinds sw.

with its use. Figuie 2-2 illustrates the three Waiingmu MN O M

options. Additiona information appears in Section
7.4.

2.33 LAUNCH VEHICLE PERFORMANCE
CONFIDENCELUEVELS -Attu mission are tar - -

geted to meet the requirements ofeach user. Histti.
cali, Atlas and most U.S.-lawiched mision havu.
been designed with a performunce confidence level - +

of 3-sigma (99.87%). With the flexibility of MtW)

Centaur hardwe and flight software peromnce
cohafideace levels can be set based on the require,
Meat of chb mission. The minimum residual shut.
dowu (MRS) performanice option. discu~ssed later in
this seiction takes full advantage of this conept. All msaj-wiuaOdata in this document, with the exception of the dl-
liprcal transfer orbit performance d&ma is based on ftue 2-2.AI MW fi" W"
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possible. All performance data shown using shom- er in addition to the stated perfomane penalty. See
duration burns include the performance effects of Section 7.3 for additional details.
hardwarandsequencingmodificatioastoCentaur. 2.4 GEOSYNCHRONOUS LAUNCH MISSION
236 CENTAUR LONG-COAST CAPABILITY - TRAJECTORY AND PERFORMANCE

OPTIONS
A Centaur extended-mission kit is currently in ce- Though Centaur's flexible flight software, a number

ewlopment to support long-duration Centaur park- of trajectory designs are possible. Depending on the
ing orbit coasts. Coasts of up to 90 minutes in mission requirements. the iotal satellite weight. the
duration are manageable. constrained by helium dry mass to piopellant mass rati% and the type of
pressurant and hydrazine RCS propellant apaci- satellite propulsion (liquid or solid) system, one of
ties. The long-coast kit consists of a larger vehicle the following trajectory design options will plove op-
battery. shielding on the Centaur aft bulkhead. addi- timal.
tional helium capacity, and an additional hymine * Geosynchronous transfer (and reduced inclina-

bottle. Performance estimates using long parking or- tion transfers)
It coasts include the effect of an extended.mission e t
kiL See Section 7. for additional detailso e Subsynchronous transfer/perigee velocity aug-
2.3.4 HEAV-PAVLOAD UFT CAPABILITY - mentation
The Centaur equipment module and payload adapt- OWiMes i Om muss aMnn

ci have been optimimd for geosynichronous trans. MMM 1 TOM

fer mission. 1b manage the lager payload masses [QUWW-

Atlas is capable of delivering to low Earth orbits tM-
(typically greaser than 9.000 lb (4000 kg). twv heavy-
payload interfaces have been identified. Figure 2.3
illustrates the interfaces with associated perform. 61 0631C,

&e penalties. In both cases the user must account AM-N -1mapromw m
for the mu of a spaicaft-to4auach velicle adapt. p 2-3. H ,PaApt wa ea

I
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F~psl 2-4 hu grs~m~o~s ~~k miioierI~ci~pej
1.4.1- W.SNHRNU TRNFR-Te imls fcvntI sbaeestdiahftn

geoyncronus ranfer Omssoistcsa- otmmicntinfm Jto2dgre.Wh

U.1~! iESN CHolved. TUNb. -rnse oTbe incliatio tf futh r m re LACc hni ative raesuled inaiftin

achievd depends upon launch vhicl capability, Although the GOt design is intuitively the sta-
satellite launch mass. and the peifonnme chama- durd baunch option sk e-paykmd mtandating at-
teustics of both systenms Bastd an the performance lows tie option of alternate designs that can extend
of the current Atla family, and enhanced capabili. geostWzinay saellite lifoimes. Supensyiwhrotous
tics of todayrs liquid apoge engine (LAE) suboys- tras subsyncbronous transers, and other atis-
team, General Dynamics is finding that a 27-degret sio ehancetnent optkm can enhance likliime vdth
inclination Is optitnal for inaxinizing satellite be&i- satelltes Wht use cornon source of liqud propel-
ning-o4ife nm given an optimally sized sattlite lazu for both m~bi wwzzio ad ona,bit stat-
propulsion system Ile 30 plus seemn spcdik kveping4
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2.4 SUPESfl'CURONGUS TRANSFER Wusats the supersynchronous traccwry mnisson
Thw supensynchroooti trajecwy &esign often an prfe. lhbe 2-4 quantifies tOe potential m"isso
mansau in bcgznwngSof.afe propellants bw minI. $MRS with the supczsynchmtus nwi- k4 a 4ANl

mWaq the cet-i ityr mq ed of the satellt fix lb (18M kg) satelite. The Atlas WEIWLSAU U
orbit irvweulca The Atla injct the satellite into a (AC-lW) mission launched 7 Decwmber 1991 saw-
intermedate transfer odbil with a apogete well cssiuhy used tho supeaynachros trazisk opdi
above geoynchronou alttude If the apoeje Ah0- wnSiiM SUwaz -
twite capability exceeds the satellite Maximum allow.
able altitude, the eces launch vehicle performanc
cam be used to lower obit inclination At supen~yn- WkU 24. Assm &woss ofw~nrno vur

chrooArs altitudes the decreased haettial velcity GO $Uensia
ilks te satellte to make whi~t plane changes awe M Mw EII 8W 1W
citinfy. T7he satellte makes the plan change and ra t4 PtSAVW

raises petigee to g ynuonvs altitudte in one or PN U O 9 6

owe apoe bunts. It then coast to perigee andci, Outs btwwo.0 (dewn"g)41
culiac into fiftal Coswiay obit The total del. kw~ Of tSIw (dew 130 140.

Ua velocty in this sueuynrn u tse desgn wo AV unncs w
is les than would be required to injec from an 00tn (nic; 1643 %60
equivalent xeftmane reduced inclination goo. Es~wd misson

hWWfl Cyew 72
Synduonous trawsfer resulting in more satt Pro. w/ w £xP*Ikvt kyw ak a i- %A vows o trten

peilauts availble for onoMbi ope~otfigure .3 .8907
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O 43 SUBSV'NCHRONOUS TRANSFEII/IW 244 MISSION PER~flRMANCE LEVE Pil-
GEE VELOCITY AIMENTATION Th It= c. LWOH - As bki !. &Aflatlx (knerJ Uy.
igw v'ekt augmentation (PVA) uajixroty desiin. nwalis has aOnnd t&,- perdonwaut uftCsinu> Wa
cOunpMCJ with the standad 010 desgst = pwo- the AIas tazni'y of bunch thlc&I With deckpntn
"i& increaed propellant m.As at t~4rnW of Wie of t Bkl I pctfmr wixb enlarwunenz Pusooy
ont get"taimw obt i is bentefii when io. noa the tmvsrnz fami of %chkcs, nlwhqM pcforrn
pauz t"' capacity is large with cspeat to tkhe dr?2siuc &vk b)tMyonm~r

'MaTh Atla &Iiwrs the "s"mitt to ak subs~- w ,- a"&On Sbwf~v ~i

cirwoous inzermdiaw transfr or1bit tapogcc- ess 00 Sac
than gesnhnosiPMntncliatzi t ofpprox- St rjM
tmty 27 degee beeAuse ft welt weiC ex-aa uww CW Ot0V

ceeds th 10lunch capbilty The separtetd 16S'S" "Ad~I~UM

Suitet coast' to subsequt transfer kgwi WTper-44jbjkl U O
igec4 where tht sarclire su~plis the required 0b* kctb 4OJ' 21,0 270

d~ta-wlocaty fo ~Cinufi into gxcs htows 160 oiwIg o

tns~wfcr. At ayoge. using ow or awe burns. the F44 cot;&

sm'-e~tf kncus inclinatito and circutuizn into Va. = V*Wj" Th'wi, ws0 WIN

sttinar otbit. As ilustrated in ThaW 2-5. tnaus a: &PCenasbootrevcttVa0W&P 196 1w)3
ESSIhaK faON w~rw fvlow; 12.1 :24a begirning of life is tanecl The olbit plofti i's &* vwi a fw je" 1

showo in Figuire 2-6



awe kmwi axe avuilalte In additin GD cn also the upcoming launch of Atlas HLA. antd continuing
Meet pcufomam-e requirments by custwizng (or dewlopmnz of Atlas HAS. portion of wialloated

utrandnkng the missio and tractosy design to desig resents have been released for rissio use. 4
meet specti missio desira To meet ew~ing corn- The Custom versio of Adua HIA and Alas HAS wall
otscmi satelite missai Lunch retuircs mnns GD in- nonaly use the Centaur RLIIA-4 engine. Ult-
tends to OWfe pefomunc capabilily levels (as mate vehut configutatawt given the CAJewCtd pita-
oppmsed to Ospicit hardware coniguationts) as part win of enhancedW hardware. will inevitably depend
of its stanadard commercial launch serice packaW on tinefraie of proposed launchA and specific per-

Beside offering stated performance kvvls that "rmw"* reurmns

are associated with eachw~hicke. other petformance Block I Nflor~saw OpdWO - Thke U-kk I Pei -
requirements can be act in seVWra ways. With saw)l- fomne option is currently on contract for Atlas
lite mnissions that my requite less perfonaunce tha IMS and primuarily anmotva an enhanccnn to the

a specific configur-ation may affier. additioia nfis. Centaur RLIOA-t engine syism Thrus rating &Wd
smo ct~tsta its will be employed that %ill use excess specific impulse arc 'rscrcaiad. Thw enhtanced sys-

pedfrwbc t enefitthehse hnis Custom- tern is ikskgawd O1w RLWIAA-1 engne.this CO-
cr, Ascent Utactok-y design can be shaped to Ln- hAncement alon accouans fm more than a 130) lb (60)
clide, cwcrage of the Centtaur mecon burn and kg) increae in perfomancem for O1t) missions In

spacectafi %cparatin firom Ascension Island track- addition. -tge an uw aw V
ing tatiom as iVpposcd to pre-pwhiioning adVanced SRIUMs w rplace the cuurcnl 11-degre cwt ar-lit
range insuumewton aircraft (ARM 1Ut Thecu pir. A wet of othetrm tinor enaec wst Wht tc- 4
profile can be stanatrdared to redue nS! on inw' duchon. $eq4ucnd flPk*acmcn) w&Nq I etcth

pratron anlyses andieo schedules. Thes wopton Blo--k I p~wkW- -
CIO allow a riwe Qk- Uw~ &tlor Cae Seeal of tOw upgrades under tawltrat fotr Awke

wbkre nmtti wddcl pc~wnaauice is nit lesuise4 ILAS ae also dirtctly ai#44AC t t Atla IIA ye-

StaMiud tGTt NWmssamc ti~m - Thw san. hide aae being incorporated. The 8lock I pack-

dartS 010 peifomance option is a hi04l con- aiIs availabe to suppon a 1W*1 launh tcapabds.
strind 'rus'of the. redued peforwmnc LS MISSION PF1tNWtM4NCE DATA

ixnXPt. t Standad GR)mion is asuf. %4C DeiLk ed petformance curves are pvtwzrdd. for ecb
ontrained to be io gca*ynchrooous trwan ais- lunch vehicle, at the end Wl ths setion. [MU is
win using a stadardird atmospheic asient pw-y Mhtni Wo several types 4i lauxh wissions andJ 4

Wile As Atltu is cunedy integrating sateWits (torn 'basd on M ourma unent e w of eah whticlcI6 htfi
rail at the wowds Mn~tasfcurcrm UIntcp m an*l- upabiutv. T~hcefctoranlv tauo ruls are Shmn
ses can be limited to those tha arc acqured to sup on eah CUMv and addifAhn ifOlUMao is (O
pxt the 4rci& imxim paytud on &i satle b"s "'i4 in the. jolk~iqg pangtts

CsAos frnnce Oplio - The Custom per-.sn~tcctcaicnmeo~k
(otwc W-0e copmn is ckidy related to te per- I Wehit"e pefoManCe d"t ~IhkOW in th94 dXU-
forat ev 4uutwcd in the preiioas issue of this ieta uadt c~ wu rnfrelpia
guide, Wiathe UNfist Moigts of Atlas I andl Atla IL aubit capabiliie. This d"t as shrnn prtuvanto il-



lustrate the flight-veriftd capability of the vehicle transfer orbit target value. The remainder of the in-

A and to provide a point of reference for the Atlas II clination is completed with yaw steering in the Cen.
family of Vehicles. taU. second burn. Data is shown at the 99%

2.u FLLiPTICAL TRANSFER CAPABILITY - confidence level and minimum residual shutdown

The optimmn trajecAry profile for achieving ellipti- for transfer orbit apogee altitudes of 19.324 nai

ca transfer orbits is the parking orbit ascenL Atlas (35 78 Uma) and 53,9% toni (100 00 kin).

perfonnance capability for 27-degree inclined orbits 2.SJ WTh-ESCAM PERFORMANCE CAPA.-
is shown in Figures 2-. 2-11. 2-17, and ,23. The BIL - Earth-escape mission perforawce is
27-degiee inclined orbit missions are launched at shown in Figures 2-13.2-19. and 2-25. Centaur's her-
flight vrmuths that haw, been approved and flown WW as a high-energy upper stage makes it ideal for
for many missions. The 27-degree inlitation is laumhing spacecraft into Earth-escape trajectories.
ear-optimal for geostationary transfer missions. hown u the pi orbit as-

The Cenar second bum s executed near the first
desendi nod ofthe arkng obit(.~ ~- cent dcsig, and a nea-planar ascnt tO an orbit that

descending wade of the parking orbit (near the equa. contains the outgOng aqmptote of the eape hy-
tor Krmac "ssonfrbthte9%c l pefbola with a - M-swd coast time betwon tk-
dence level and minimum residual shutdown
(MRS Tabular perf ,mance d2ta is pnwided in uppr ma bun. The Weferece performance

€ong'crvs wefte dek~d usxiq a lad-tgreo arg~utww,
hbks 2-9 through 2-12. at the end of each launch Wr-

phicle r iornne data section. of perigee target and coast times reflect this n-
Sstraint. Th actlial WWIt tiae 1WA& to achk

For some mission, an ascending node injectwion tt n'cesa y t be ied
into the transfer orbit may offer advantages. The t spe m-iarture rnents* be doemmur

performare degradation and missioo constsaints q iat Or w er-

associated with this mission type need to be ana-

lyzed on a mission-Ptculiat basis.

3.2 K CED) INCLINATION EUI'TICL Additignal petommnce data is sho for an ep-

TRANSFER CAPABILITY - he inclination efect tionalvicle figuratiom that UU OW paTkgor-

on payload systems *,wight capability for a geo- t awMeim design with a th;ird stagea a o-opti m

synchronous transfer orbit design for inchitions s id propellant orb it kirttmw stae (O thie

betwn 29 and 20) degrees is shown in Figutres 2-9, ThiOkol STAR 480 (ThM.-7418l amtO 'tis ve-

2-12. 2-1& and 2-24. Pcorumm degrades as inc . hid "afiguratioa is atantageous for missu

nati n drops below 28,5 degrees in part because the W require a vely high-mley Ert h dpartwm,

launch vehikle instntanous impact pont (1IP) c in wh_ 'hick sgiag dt&, maoe

Ute is cotstrained by range safety requircments to ditiuit for a thifd stage to poWde p a additioval

remain a ndnimem of 154 timi (278 kin) off the ivoty CMery ig€W-CHIL 71W rekrcrice PK O

Coast of Africa. This requireent dictates that yaw Sina Wwas targmd siial o the n.OIS caw with

i steering be impleaented in the ascent phase to meet the STAR 4) bum am;aing jusi aJter Cen aw/

range safety requirments while also au pting to SIAR 40 ser at-a i o u hicis bi confafigmaum is
kmer park orbit inclination toward the desired sumiLar to the &AR 37-based Atlas ,oenf~giation
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lown for the AC-27 and AC-30 Pioneer 10 (F) and Sion kit. The second Cetaur burn will circularize

Pioneer 11 (G) missions. the spacecraft into the de;ired orbit altitude.

2.5.4 LOW EARTH ORBIT CAPABILITY - Atlas Circular orbit performance capabilities for alti-

can launch payloads into a wide range of low Earth tudes between 160 nmi (30i kin) and 1.000 nmi (2000

orbits from Cape Canaveral using either the direct kin) are shown for each vehice in Figures 2-14, 2-2(.

ascent or parking orbit ascent mission profiles. LEO and 2-26. Data is shown for 283-. 55-. and 63.4-de-
capabilities typically require heavy-payload modifi- gree inclinations. With high-inclination orbits (incti-

cations. nations greater than 55 degrees), range safety

ODrtct AsceWt to Cbieur OrbW - Figures 2-14. 2-20. requirements require that Atlas meet instantaneous

and 2-26 show circular orbit payload systems weight impact constraints up the eastern seaboard of the

capability to LEO using the one Centaur bum mis- United States and Canada. Additional inclination is

sion profile. The maximum capability available is added in the later stages of tht; Centaur first burn

with planar ascent to a 285-degree inclination orbit. and with the second Centaur burn. As desired orbit

As shown, inclinations from 28.5 degrees up to 55 inclination increases, performance degradations be.

degtees are possible with the direct ascent. Given come more pronounced. High, inclination orbit per-

known range safety constraints. direct ascent per- formarc capabilities are further discu.sed in

fo'mance to incth-miouts greater than 55 degrees are Section 8.

n pasble dw tol ad owleright €cotraints up &,e 2.5.5 INTERMEDIATE CIRCULAR ORBITS -
easto~ro seaboard of th. UitWd States and Canada. Performance data is shown in Figures 2-15, 2-21. and

Direm ascent pofinalw, to redvcvd Ii nation Or- 2-27 for altitudes between 5.000 nmi (10 000 kin) and
bits (down to -2 d22ftnes) are also posib, but at 1,000 nio (20 000 kin). Similar ground rules apply
the Ape ofibsvtntial petfornmanc di w w ra,, to the intermediate circular oibi data as to the LEO
vt fety o vritight o aints over the Ivoy Cost of circular orbit data exceM with rempect to heavy pay.

Affic. ad requirements. The Ukmr petfornac capabili-

1l4wi AuvrA to Ik-A Ott - i ,14es l4 Iie associatCd with the higher energy circular

2. d .-26 alw+how, eWpt*l ,bit primpamnce OWi(s Should allow uSe of standard payload

capabiliy uin the ad~ asant withi pifte. AM-l ,&~S
rue in 1 nai (183 kln). similar Tango Safety and L6 M" "+ 51.04N OPTIMIZATION AND

W NW moganics avim-awts fimit irutios V~INCiN MENT
avaabke with a FI,oida hlwh h, ALas ttrajctory designs are developed using a de.

f OW l 0 tailed t utail ted tiajetormy simulation executivm and

dle ,my to watkitude 4iAcCui4 bil C46 be gwvo- a state-of, he-art optializatioa algrnithm (sequen-

plisbed by tuvo w pess&3 v am 11 fis iW q laratic plograming SOP), 11e optimiza-
Centaur brn is used to i t ihe n taur and Pay.. tiom capability shapes the trajectivy poile fCrom

,,d into an eUptic parkig ovbit. A po l~w m- Wt'toif thruh spaceraft injectiom into final o01bL

i4e" altitu&e tft s) rumi (14 kim) -4 asmed for cir The SOP prograin uses up to 50 independent de.
refe.e'we cases. EVOd patking obit cout daua. Uigf, Miables choen to maximize a performance in.

'wi FequiWe u f the CeAtsor ou d Wis- dex and satisfy specifted costraints. "lpical control

2- 14



variables include boost phase initial pitch and roll er Atlas performance is high. nominal. or low. the re-

(launch azimuth) maneuvers. Atlas sustainer steer- targeting 4c is calibrated to dexfte all remaining

ing, and Centaur steering for all bums. In addition. propellant margin to benefit the mission. With infligit

space vehicle pitch and yaw attitudes, ignition times, retargeting. any desired level of confidence of a guid-

etc. can be included as part of the total optimization ance shutdown can be implemented. Inflight retar-

proces The optimization prgram is formulated geting was successfully executed for the Atlas

with up to 40 equality and inequality constraints on II/EUMELSAT II mission,

variables such as dynamic pressw,, tracker eleva- 2.2 MINIMUM RESIDUAL SHUTDOWN -

tion angle, and raw, safety. Centaur propellants may be burned to minimum re-

With General Dynamics' experience with launch siduals for a significant increasse in nominal per-

of iaterplanetary and scientific spacecraft. an addi- formance capability. When burning to minimum

tional trajectory analysis tool is available to assist in residuals, the flight performance reserve (FPR) pro-

the mi desi nmissi optimiation procss. The pellants are eliminated to nominally gain additional

N-BODY trajectwy simulation program is used. in delta-velocity from the Centaur.

concet with our 0tmai capability. in the devM. It is practical for Centaur to burn all its propel-

qxnew of launch whicle missis requiring pteduon ants when the satellite has a liquid propulsion system

inertial targeting inWch perurbation effects ofoher that is capabk of correcting for variations in launch

celestial bodies ate required to b considered. Vhicle perfornuvwe. -his optio is pawcularly at -

Tese uajectoty analysis tools, along with our ex- tctictv and appropriate when the trajectory design in-

O tensi guidance and targeting capabilities. enable cludes a supemynchronous or subsynchronous (PVA)

Atlas to optimize the mission based on spaceraft transfer orbit. Satellites using solid propelhant (faxed

characteristics. The most widely used mission en. impulse) orbit isetion stages require FPR propel

hancement options are as OWS: lants to ensure that the Centaur injection conditions

* Wlight retafeting will match the capability of the faxd impulse stage.

" Minimum residual shutdo4 a When Centaur burns all propellants to minimum

" Expic'it right ascension of asonding node residuals, the liquid propellant satellite corrects for

2.1 INFLIGHT RETARGETING - The sofware the cffects of launch vehicle dispersiois. 'ese dis-

capability oithe Centaur upper stage makes it lxyA perfsios primarily affect apxoee altitude. Variatitm.s

be to evaluate Atlas perfomance in flight and then in oaher transfer orbit parameters are minor. The

target for an optimal injectioa conditit that is a performance variation assoiated with MRS can

functVoa of the aAuiual performance of tiw booster also be quantified as an error in injection velocity

Vage, Centaur can be retargeted to a variable trans. which can be appfrtimted as a dispersion in tran.

k- orbit inclination. apoge perigee argumeat of fer orbit pcrigx vkdty. i 2.6 docnw U

perigee or any combination ofthe above. Inflight re- MRS perigee velocity injection variations for the At-
targeting can provide a dual perfimmance benefit. la family. MRS was successfully executed for the

i the nomina launch %Vhkte Ma Atlas VCRRES missin launched 25 July 1990.O-resmw (FR) is r*hdu mhen the FPR cotnuibion 26.3 RIGHT ASCENSION OF ASCENDING

du to Alks dis IU iseliminated Smo-d iAchtlh. NODE CONTROL - Some satellite mtssiwn ob*-

2-1



TJe 2-7 TjpW bt~tio avuracia at Vacec, f spatin

om a CWSaW/
6psec~tepwAfo Thr ..Igoa EnwOI

Apo ltkwcon Apog" Pwlge. tIMM40M of Pd" MAN
UNSofn [ram (kn) (0eg) tnni (kn) Inm (kmn)) (d (dew (deg

GTO 19287 (35720) 27.0 57.4(106) 1.3(24) 0.02 0.M16 0.18
GTO 19.411 (3594 22.1 58.9 (10 12(2.2) 002 019 0.21

:TO 2M.18 (41094) 19.3 77.3(143) 12 (22) 0.02 021 02

LEO (acrA) 216 (400) 60.0 24 (4.4) 2.6 (4,8) 0.06 NA 0.06

NA - No APPW" .S805 5-58
tives may require launch-on-tie placement into lite bum location with respect to the equator. The

transfer and/or final orbiL For Earth orbital mis- difference between the inclination of the transfer or-
sions, this requivement typically mAnifests itself as a bit and final orbits. and the latitude of the satellite
right ascension of ascending node (RAAN) target bum determines the amount of nodal shift between
value or range of values. Centaur's heritage of meet- the transfer orbit and the mission orbit. Control of
ing the inertial orbit placement requirements asso- this shift is used to compensate for off-nominal
ciated with planetary miWoas makes it uniquely launch time& keeping the inertial node of the final

capable of targeting to an orbit RAAN (or range of orbit fixed throughout a long-launch window. Cen-
RAANs dictated by actual launch time in a launch taur software can be programmed to control the ar-
window) in addition to the typical target parameters. gument of penfee (satellite burn location) as a
With GTO missiom soine satellite mission opera- function of time into the launch window to obtain E
tional fifeimes can be enhanced by cwontM RAN the desired final orbit inert d node.

of the targed trhlsfer orbit. A satellite intended to
operate in a non-wro degree geynchmnus final or- 2.7 INJECTION ACCURACY AND

bit can benefit vith proper RAAN pl;cment A d SEPARATION CONTROL

tmrd a wAodegp inlnation orbit can help reduce Atlas' combWation of pwso guidance hardwar

the typical nothiuth stationkeeping budget of the with fleibk gSdsotware pwovides amcuate pay-

satellite, thereby increasins the amount of tine the load injection conditions for a wide variety of mis-

satellite can remain in an operatioal orbit. sons. The minimal data required to specify target

Control of the node is obtained by varying the at. cad axdtions prmdes for rapid prefight rtgeng

wument of pefiget of the transfer orbit and the satt . in MPOM t chug mission requirements. "%se

li2- . p ewsioal capafe, RS caqabilities ha v been denstrated on

P09f U" dP*W mn low Earth obit. Wro WIouri. lunar.
Abu 1 300*Mw (91.4 rVaQ and intplauntay misions
AMiMU 205 416sc (8.9 nmc
Ado 1AA t: 2S %%w (06,9 ft Accuracy for a vaiety of GTO and LEO missions

00I 1) 20 4Wc (68.4 MInWc4 is displayed in bble 2-7 and are typical of the dte.
AV U.S (CUNOO 215 %AM (US W 4 Sigma accuracies folowing final upper stage bum.

M WOn all missons to MR)(more than 40 to dat4 Atls
s ase.n has Met all Mission ijection requirements
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Past lunar and interplanetary mission accuracy rates three-axis-stabilized attitude control for atti-

requirements and achievements are shown in Table tude and hold and maneuvering. In addition to a

i 2-4 On some of the planetary missions. the guidance precision attitude conwrol mode for spacecraft pres-

requirement included orientation of a solid rocket eparation stabilization. Centaur can provide a stabi-

kick stage to achieve the proper final planetaty inter- lized spin rate to the spacecraft while maintaining

set condiions. The major error source on these mis- roll axis orientation prior to separation. The Cen-

sons was the uncertainty of solid rocket impulse. taur system can accommodate spin rate up to 5.0 ±

Table 2-8. Lumar ad wfepaneiwy misio accry. 0.5 rpm. subject to some limitation due to space e-

e" at "N (FO) (mlsc) hicle mass property misalignments. A detaitld anal-

M Gudance ysis for each Centaur/spacecraft combination will
tAIngeM Requkelent Sysure Iy determine the maximum achievable spin rate.

Sun6.V <50 7.0
UaMew MrS -C I3S 35 The extensive capabilities of the GN&C system
Mar-w Vns Irui <13.5 2.4pMo 10 a < 13.5 2" allow the upper stage to satisfy a variety of space-

RioOw 11 <36 W craft orbital requirements including thermal control
VIin1 < 15 M
V-,V 2 - 15 U maneuvers. sun-angle pointing constraints, and e-

V"W 1 <21 162' lemeuty transmission maneuvers.
Voy'gW 2 < 21 17.6°

A Venus 1 <75 Z3 2.7.2 SEPARATION POINTING ACCURACIES
Ponp Venus 2 < 12.0 3,2

• OW StouMoS - GW k 1 motor - Pointing accuracy just prior to spacecraft separa-
%.G,10as.5-o tion is a function of guidance s)stem hardware,

2.1. ATTITUDE ORIENTATION AND STABIU- guidance software, and autopilot attitude hold capa-

ZATION - During coast phases. the guidance. nav- bilities. In the non-spinning precision pointing

igation, and control (GN&C) system can orient the mode. the system can maintain attitude errors less

spacecraft to any desired attitude. The guidance sys. than 0.6.0.6. and 1.6 degrees. and attitude rates less

tern can reference an attitude vector to a fixed iner- than 0.2. 0.2 and 0.5 deg/se about the pitch, yaw.

tial frame or a rotating orthogonal frame defined by and roll axes. respectively (prior to separation) (see
the instntaneom position and velocity vector. The 1lble 2-9). For a mission requiring preseparation

reactioa control system (RCS) autopilot incorpo- spinup. these sources combine with any tipoff ef-

Tabe .-9. Sum"~iw ofgudawt ad cwWfu capaliirs

CoiM p S iN coMr:
tM SW WMi (01Q. hO anl) < 1.6

Yaw t02RONh *0.2

Nitk~n (ft Wal Wqe) < 5.0
MW*t n MkWM (dog. hO ag* 730
sis~ ra f4bgc Z30.0 ±3-
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fects induced by the separation system and any ing separation are typically less than 3.0 and 5.0
spacecraft principal axis misalgnments to produce degrees. respectively.
postseparation momentum pointing and nutation .73 SEPARATION VELOCITY - The relative

errors. Here. nutation is defined as the angle be- velocity betwfen the spacecraft and the Centaur is a

tween the actual space vehicle geometric spin axis function of the mass properties of the separated ve-
and the spacecraft momentnum vector. Although de- hicles and the separation mechanism. Our separa-
pendent on the actual spacecraft mass properties tion systems provide a minimum relative velocity of

(including uncertainties) and the spin rate, moman- 1.0 ft/sec (0.3 m/sec) and are designed to preclude
turn pointing and maximum nutation errors follow- recontact between the spacecraft and the Centaur.

21
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32.39V MOM00 4.643 (061) 4.40 119"6
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WIN19 PC"00 5.M7 (2436 5.217 (266
14,640 IP000 5.511 (200 .M P
1AN3489 (25000 SA" 5"7,9 5.0 ow4,,,

12.250ms 5,850 tu654 5.66 (25m710.799 (20009 6.06 (252 5.9 (
91448 (17s0 94W (260 W50 W, 10
&ONB (15000 6.64? (3015) 64A4 ow32 4
6.74V (MOO)09 7,040 E3197) "So (3111)
5,0 (1 7.5 (34A .

10 fvtri (148 k" ppigoo pikir aftt 90 nm (16? W49 Pot*s Of t GSOM586.M

V4490tVOOS X U OOM&V~w d wiQ W" "WdUk4



ATLAS 11 PERFORMANCE

O • Ellip~tical transfer orbit

• m-inchnatin ellitia obit

Earth esap

LAw Earth orbit
•Ixntemwdite circular orbit

PSW wasus transfr obit apowe altiude

#4I - 1

ILI

"" ~ ~ ~ ~ ~ ~ I 34 V'''A ........ 0t....-

2-2



"'~1* 
it 

t~.t 
I

-~ 

I ii

;. *1 I 
--

2 
t I I

I 
4--

-22 U
I 

I

I 
V

________ 
- -t---- 7-p-

-2-?~~ 2

I K

3 4j0fl0o 
I

______________ 
-l

Ci-a

I .
-I .---2 2; *-r-*- '~~- ~~i'T I

-~ I 
IT 'ii

- ~ 
~ 

I~4 4 
-~ 

1~
.~. {~. it. -%-4

I'
4- ~.-I-..

-r- ~

~-

* 1 *~ 1!
± 1' 4- -

-r'j--.$- *.~

i~d W50M sua~sAs P*O~AUd

4



--l s- r I" Pf
. . . . I I . . !

I I

tit

i ~~ .. ... .. ._ ._ .o

1 •

-.t--ii'!l___!!I-, -V

- i--i-I I -... i 'i-, I
0 2i.~........-l ,I,

-- I-P i NW -**- cm 4

2-27



.T..T.. .T. T..... ... f........
LAW-

>cp

1t61 1 0 o I l-

800

I iq ~pMsagtpCA-



-Joe

- _ 0

a~M.

Z-29



....I" ... ....

00I ca10 ~ -

I T 
ic

lqd ~ 14-M=WSpq~-
F I 2 -3



.... .... ... .... ... .... .
° i

- W

7 7~
d 1 j

*- i

vN

~M QUSWSS PetAgd

2-31



U10

in *

1 tIJ 0 1- I W

-S E8 8~

(cw W8~OM s~uajsAS PeO(Aed



0 
0In

'-U)J gui
--------------- 4----~-- - ~~0

0~ 11)

ID

§ii: --- ~~*

---- I- U
G

- ~~1~~
I foa -

1 1
ciii -iI------.. ~~--i:i A

- j - I iiI- - 'DO

- - - -r 1~v-I- .i!~I&J y§
I

- -- - -[ Ills
1j~~ --r-~~Pn~i

m ~ .,,~

[8d 148~OM SWGISAS PCO~8d

~-33



3? IFI!.
ii

___ --

1'77

~~ o . .

Iq I4o swlA I*lb
223



r' 1II

CL

-0 .. ! _-- - I R

J i tit.-

p.iip.J, --- ---

: I f .g f I l l i /l

S ! ! I / i7 i j/. I 1

S! I I}g ' /a
F_.... !.!... 1 -It1 1/ - I I

C4 -

_.i .....l 1 I I i ! |

•j .. . .. l I f . :. .. I .! I

SI ,/11i

-!I I j ! -.-! ! ! ---! "

__ O_[____I 
a

*- UO-WAS PSOed

2-35



Tabk 2-11. Ado~ ilpajbmww - PSW w aw or& qpq ak

8D4(150000 &MS OW9
67.495 (125000) 5,139 (2M31) 4.9 (25

4&M 5=00 1243 5.01 a"36
41%197 000)5.44 a"66 Sol6 (240
40.407 (M"00 M,40 (249 5346 MUM25
37W P700" 5m6 am22 5.40 (24M3

4iwAA- 5061 (2554 5.474 (24P3
32W O0H0M 5.712 Owl9) 5.W5 (2519)
31.048 0(505 51.7 pll) 5.58 a25s"
29.W6 (5600 SAN0 (2833 5.646 =l
2.8 (52500 SIM5 &M58 ow0 (55
26.96 00"O~ 51915 (2&3 755 (2610)
25.646 (47500 5.97 (2712) 5.815 P2M7
24296 (40"0 C046 (2743) 5.83 mm)
22"9 (423A 6,22 P"77 "mS (mm2
21,596 (4000M) 626 (2815) 6,041 (2740
20.248 (375M0 6,300 (2967 V.31 (278)
19,324 (3578M) 0,70 MR86 0200 (2812)
18r69 "5000 6404 p"6 6"23 002f
M6.190 43000 6.053 (3018) 6.478 (am8
14849 (275X co06 (ow7 GAM2 4307)
A1W "49AM (310' 6M6- aim065
12149 92-50 7.145 032W 7.002 (3176P
10.7"9 M"00 7,431 (Wi) 7244 Om88
9.440 (17500) ?,M2 m"0) 7.W3 (3416)
AM06 p4 150k013 am66 7,61(375)
V.49 (12500) (3m0 o"32 (m7m

SAW0 IV"00 %1go (4132) 683(4034)

-36



ATLAS HIA PERFORMANCE

o E~iptca trausfer orbit

* Ptdcedminclmnation ellptica orbit

* Earth esap

9 Loyw Earth orbit

* lutes-mediate circular ofbt

* PSW versu transfer orbat apogee altitude

an- to- 1W - -

I~~ r OT%.

U1 z.. t

Is -no1
1- -i

8u s INm as M s

f~iw 246 AUaS £A N00l " dWz



i! rI- i I it I1-_

r-vF I F

T TI

I o 1, 1,0,1 , '!1 1 1

ti' V4MSM" "S
2-!



ii Y 8

-------- " I

to

Gi.g _I .. L -- -

• *90. 1

'-'t WI i

'I .

I e4



- -

~~14r

ItI

121

-\0 io j 'A I k



II A
L 00

Z

0 

-iin

Lrk

Z41



E

fl .u)E

I IQ



... ..-.... ... o

7 2

I.

3 C .P- t..

I - IoV Ii

- -.- 1 ---,- - m

:: "ij

4 _O+ I
T-.I-

II I -Y

FFo



400

~~0

'SIC a
- ~ . .... 4a-- -- -~

[q iit4O QSISAS PeOI~d

244



I I/

0 -

ir
*~o IfLi:

ow z

It 454M SUJGSAS PeO~ed

2-45



4i-i

... " i.'i I + -
il l " 4.f!

-l - I -- l - -l i 1 I 1 "I

~ ' -

:4 , 4 4. 1 i l # 4.

i- --iI i- i / # #T

._: i ! I i I 4 i 1 # #

4 . !: li # _-i # + . 4* I f

. 4 I i.a/ . * ,i r I

7.' iI I 'li1 l . I"7 i It~

.1

S , i~ l. ! iI/ 4: j . i , !

4 ,, !I ,

I # ii ! . l . I 1
I -,

' .l ! i f I i 1 4

2,-46



... ...... ......... ... ... ...... ..... " 7 ... ...7...-

.i,!= ii++i Ilo 1I0.11gI_..L.

"- " ° = ° i + I i In

, I

1 1 !

+ ,, I p/ l+

: + I , 1!l!1-- I'+

-4

.; + ~ .;

• ,I+] I §

• " l +. "" +. - I s-+l 7 ...... l

i§dI4lMlWO AS i Ae
: +! t // +t:2-14.



tkie 2-1Z Adu= l4 (Block I) pefotuw - PSW w rnua cOW gqre 4Ai

Ap oe AXNMa .... YM MWO*PbMImm "I

Ms 99%

809s4 (1Oo) 5.454 (2M 5.310 (240,
67.495 (20000) 5M w22 (2453)
53.,96 (1M0000) 5.00 (2mm 5555 (250

48.596 P3,000) 5783a (262o) 5,3 (26)43.19? po00 5.880 702 (2570"
40.48 (75o00 P59 (2&W) &789 (2
37.797 (70000o 6.007 (265D S.O4 (255)
35.097 05000 6.083 (25w5.9 Om89
32W mm00) 170 (2712) 6.0(7
31.048 (5750 6.219 (29) 6.6 (2SAM
2.698 (55000 6.-72 6.113 (23)
2MW.4 (5250) 67 ( 6.(2T7 (2ci8)
28,80 (50000) 6.9W (2696) 6.74 (3m
25.68 (4750 6.457 O6.m9 (357

MIN29 (45000 653 mm63 6.3M5m8
22$4 (42500 6.613 (00 6,449 (925)
21.58 (4000) 73 (30 6"37 (Mm5,)
20246 (375M0 6,6W4 M366 6.635 (3)109
1934 (35788 8*60m (121) 6.71 (064)
16*96 (35000 6,916 (3137) 6.746 m"60
17M54 032500 7,043 (3196) ".71 (3117)

(3000M " 7.1"8 MR6 7.006 (317%
14,849 71500) 7.345 (3332 7.174 (3254)
13.490 (250(Q0 7,543 (3421) 7.361
I1t149 (2250 7,766. 05A 7.580 (Sa
10,790 (20" J &8.03) (34Z 7.6 (MW4
9.448 (1750 8,34 (313M .1-50 own8?
SAO (15000 VV73 Pal6) 0=3 (80
6,749 (12500) 9,226 (4185) t,0tS (40"9
SAW0 (1000m SAW*6 ("47m 9"3 (4371

80 N-W (148 kN ) a'4m V cflt W) Aft (167? kin) (fl nf upW~ (t G8BU
2?.dqoe kCat10&gms*V wont -0 0W'Qt LAP P~ba #AV
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Table 2-13. A4das HAS (Bloc 1) pofoumce - P5W w rwusftr owf qpoe atziude

Pao Systm W ~od b (r)lApog" As.,de
(-n CkmHl

UJIS 96%

.9s4 (15000 6.686 (3033) 6.528 P6)
67.495 (125000 6.8M2 M"96 6.62 (3013)
SUN (100) 6.974 (3163) ".811 ()89"
48,596 (90000) 7.67 (32K 6.902 (3131)
43.197 (O000 7.181 (3257) 7,016 (3182)
40.497 (7506M 7.249 (2M 7.02 (3212)
37.797 (70000 7.3=8 (3323) 7.156 (3246)
35,097 05000 7.414 (3363) 7243 (3285)
32.397(60000) ,514 (340 7.342 (3330)
31.06L (57500) 7.570 (3434) 7.397 (3355)
29.M9 (55000) 7A631 (3462 7A&7 PM82
28348 (52500) 7.697 (3491) 7.521 (3412)
26.9M8 (50000) 7,7M (3624) 7502 (3444)
25.648 (4750M 7.847 (35A 7.669 (347%
24,296 (4500) 7,933 (36 7.754 (3517)
22.948 (4250O) 8.027 (3641) 7.840 (35%
21.598 (40000) 8132 (3689) 7.949 3
2D.248 (37500 8,49 (V742) 8.063 (W65)
19.324 (35788) 8.337 (3781) 8.150 (3697)
18.896 (35o0) 8.379 (38) 8,92 (3716)
17.504 (3250M 8.529 M% SM7 (37,1)
16.199 (30000 8066 (39") 8.501 (385M
14.m4 (275o0) k88 (4031) 8688 (3S1)
13.49 (2500) 9.106 (413) M907 (Q40
12 ,t9 (50MM 9," OM50 9.1w; (OwSG10799 (M000) 9.674 (48) 9,464 (4293)

9.449 (1750) 10,047 (4557) 9.= (445)
8090 (15000) 10.500 (4763) 10276 (4 )
6.749 (12500) 1 11.073 (5023) 10,840 (14917)

80 rni (148 k0n) Pp'go pw1vg orbA, 90 rvn (167 ktN) purigis Wa* otbL
27499W wrchii.-- MOe~w wLxnww (0 PwS IAWg POW (&NVg



3 * ENVIRONMENTS. This section describcs the environments to which Flowing spacecraft mate to Centaur, gas condi-
the spacecraft is exposed. Prelaunch environments tioaing is provided to the payload fairing at the re-
are described in Section 3.L flight environumnts are quired temperature, humidity. and flowrate. Air
described in Section 3.Z and spacecraft tests witbamaximumdewpontof40F(4*C)isusedun-
requirements are described in Section 3-3. tii laproximately two hours prior to launch, after

3.1 PRELAUNCH ENVIRONME'NTS which GN2 with a mazimum dew point of -35°F

3.1.1 1ERMAL - 1w s(-37*C) is used. Table .1-1 summarizes prelaunch

rommt is cotrolled during preaunch activity., gas conditioning temperature capabilities for the

maintained during gound tranprt. and ci otroued nominal configuration and for a fairing with a

aftera to the Winch vehicle. mission-peculiar thermal shield. The optional ther-
mal shield allos greater control over payload fair-

Environments in the space:aft processing areas ing internal temperatures during prelaunch gas

at Astrotmh are controlled at 21-27"C (70-80"F) conditioning. The shield consists of a noneontami-
and 50 ± 5% relative humidity. Portable air condi- hating meuioran attached to the inboard surfaces
honing units are available to further cool test equip- of the FLF frames as showrn in Figure 3- 1. Missin-
menat or spacecraft components as required. peculiar arrangements for dedicated purges of spe-

During ground transpoM the temperature within cairo comloents can be rovided.

the payload fairing remains Letm-n 4 and 29"C (4Q The gas to the payload area is supplied through a

and 5 F). with positive pressure provided by aGN2  gromund/airbo disconnect on the payload Wring
purge. If required an optional environmental con- and is orlled by puime and bukup ewmiroiumental
trol unit can maintain temperature between 15 and conuol units. These units provide air or GNz condi-

25"C (50 and 77°1. In both case the reatve hu- tioned to the follmng parameters (Figure 3-2)

midity remains at or below 50%. Cleaness: Class 10000 per FED.

During hoisting operaLuors the encapulated SMD-209B
spacecraft is purged with cdy gaseous nitrogen with Class 5000 available on
relative humidity at or below 50%. request

Tcb 3- 1. Gas coitig co4pacimei

TWMs'Wiertw Ranga UNaWd Patoa Fu~~
_ __ _ _ _ I _ _

I1-R PLF 1441 PLF

k* Top Somwe Thoemi Thmwm

bvwa TON 50-854F 8D -160 Wnmin 545-1F 62-64F 51-70-I 61-69F
tI0-29"C) (A- 1.21 k :sOQ (12- 24-C) {17- 200(0 (11-44b'c (1G- 2!"C

MwTow 50-6SO5F So-0 - ,1W n 47-63af 61-694IF 40-87"F SD-701F
em (10-29'C) 0-121kGsac 0-280 (16-21C _ 14-31"Cl (16-21-C)

Abows ' wso -&P a IM ltk0 (121 ks, ecl ow rem.

3-1



FAWNS

(&3~2 14Si

UUUU

AMM

I~C-ii.0*1 c,1 ThCvemfi=,df~~~L o~.

no0l __ . Ti APOW') t 4%" AIAINAI)EETOMG

(10 t) 26 g~i) C) en f h fadieve To,4 ea lau n henwf ero

" Dewint (IN1a4 40OF (4.40C) air netic mefnvi aw is thwraugy avaluated. The
-35*F (.1372*C) ON., spacecrat custonwr will be requited to proide all

buaval (djwjj% 4 imls w &,u up~wd to prmide datea fl4CCSM) to SUPP(Lt ENMC an*lSeS Owe AP.
W&M &W~jgm aW W.U dL~ec wppm pen"i B lables) emploed tor this purpose.

on the paykl~ Mw conditioniz% gs is %ued to the IU.2 Launc~h Vttkit-Gtertt Radio Enmoa.
atmagwphe thraou e-way ILtppe doots in ro Af maw - Launch wcikk intaruional uwmissiows
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are limited to the S-band telemetry transiiters at countered by the satellite will approach the typical
10.8 dBW and the C-baud beacon w-aponder at Leves depicted in the figures.
2.5 dBW (peak) o 26 dBm (avra3.1)M Lau R Elect otneic Ewdroa=

Figure 3-3 shows the absolute wst-cas. antenna tehe - The U1 environment of th launch range is

radiation environment generated by the launch vehi- based upon information contained in TOR-0084

cle (LV). The cun- is based on transmitter funda- (43342)-I Reissue B. An EMC analysis ,ill be

ment and "spurious output" requirements and perfoiined to ensure electromagnetic compatibility

assumes (a) maximum transrait output por. (b) of tw spacecrafuaunch Wbce with the range

maximum an-na gain and minimum passve Lce enVironment.
loss (i.e measured values at transmit frNuey ap- 3.1.4 Specft-G erated Environment 1 -ml.
plied across the entire frequency spectrum), and (0 tatUow - During ground and launch operation time
straight-line direct radiation. Actual leves c -,- franes through spacecraft separaior, any space-
tewed by the satellite (influenced by many factors) craft EMI radiated emissions (including antenna
can only be less than the levels depicted on th fig- radiation) shotld not exceed the values depicted in
ure Initial reductions are pro ided to the userup0 Figue 3-7. LV!SC e-teral inerfaces (EMu-poo-

determinati of whichl a "-i and Payload ducWtd emissions) must be addressed individually.
adapter %iU be emploed. Each paykad will be treated on a mission-

3 j LV-Generasw Ed romaIeic E miron- Peculiar basis. Assurance of the LVISC EMC 'ith
mtt - The uminentional EM en'iromnnts genr. retapect to payload emissions will be a shared re.

ated by the LV at the satellite kwtion are depicted spotsbility beven General DyaitWcs and the in-
in Fig.ure 3A 3. Awv 4 Ac:.ra lee& to be en- dividual spacecraft contractor.
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3.13 CONTAMINATION AND CLEANUNESS whit on the tUnmch bo. .-' 11ensurc tha thewe in.

- Launch weincle hardware that comsinto, contact dwiduaLs fam ila L mfl it the procedufes.

with the payload environmet has been designed 3.111C-Vu*~Lu

and manufaciuia in acunoaswe vith strict can- Site Delhtr

zarmation control gwidehine. This hardware is de- Uo)sig and Assemby - Contaminatio ontrol
fine as contaninaioncnu?4 and includes the prmncples are emple ,ed in the design and manufac-

Centaur gorard equipment area. the pzyload turnn procsses to Unmit thw azzuwu of4 conumin-

adapter. and the interior swu & mfUe payload fair- 6mo that can be ecwed huom launch veh&k
ing. InJjjjjti ground operations at ft- launch site components. Interior surf ac= incl ude ainui nabd-w

hav been desiged to ensue a &ean enviroomn ity features to faclitate the rezwaI of mlanufactur-

k-r the spacecraf A comprehensive Coat-,m ntiwa ing onaninas. The Centaur wlude is assembWe

Control Plan has been written to identify. thcsere- in a. Clas 100.06 falty to ensure that d6- harware

4uiremas and procedures Sonic of the guielin smurfcs, and in partica4ar any entrapmet arezss

arM! practimc cmipkie in the plan art as fo"is. are =uznwzwd at an acceptable vw~ of dleanlines

L Ncwatwons ame taken during waucwe s prior to shpnent to the baunch site. hispecti

~~ ~~ Points atc proidad to werif deantincs dhaigMxa
smb~. tet. vJ spmewto mentcwtani. the assembly Process.

ation a ziulatiws on the copaWLnatkO Materias Stlteon - In generaL materials are
crntac Launchvhice suiacc C.ove for use oncoumngocrtciar ar

I. Launch veicle aunina-cittical SU*IhMCs intetkr to the PLY that *w o bca'wn a sowmc of j
arc cleaned using approwd amra and prece- tcamantion to the spar. MeCUMi %x awune

dozes, A fina visual inspection for &andneMS USfli ma1teials tkat arC kno*a Wo CNip. flake. Wr poe
W.d mine MwUs just -~ wona ltw 3Wd czadiumn pktin& zific PW&A&~~ and unfused

3, ibe enx ist poes aperfogeied ina li- dkctxOvse 6?n ale Pnilrowrm s

cilty that is cnvocment'itv iawtWd to Css MUMr 'n-rc4zAr uzatnal &n MeITe wr

ist oii ulwoas 'per n-sroM2WaB AU *kb i i~ an ssiais tnoatcnals ac awaded wr

handii& 4qupm Ls anroomuapatiubk prouw"4 in wtordance witV MiL-S1TU489b. &nic-

a %iwll be cleaned and ispecrd beforer. aotnneali aeil tc nw oei~

th Weiy Tts eniomat~ soeotascm-tee ~wrt aee~t

traued ~ ~ owiasaea-ubj.fra mt agan NASA SP-1 @t" cniteia prior to aciaa

encapsulation aclte(i gg 3.1 Contamainao Coat"m Psior to

4. INUroAMd ewUol arc cmpkti d to limni: acess Cte..zin Leves - ConaznirutiOn-cfizal bard-
to the pwykad faurag to maintain spacecrat ware suraao are cleaned and inspccWt to spcciflc
ckanlns&Cotmiao cotrl traiung is criteria This cecks for t absewc o all pw",i-u-
prowkdd tw all launhb wchadc pcr600ndl wakiag laad moleculaL tamnas viiket the
wn & around the enupexuUktc paykiad laia& unaided eve at a diaancc el 6-IS inches (152-457

Geral Dynamics promndcs similar trairnn to mm) uith a minimumi inuaawln of to oa 4.
spaecsaft personew aca Liag on the spacecraft cadle (LO0% ba U4 Thirtirn is Visbly
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Clea Level Z. Hardware that is cleaned to this 3.1,33 C aIIDMO CnoI-0 after EnCapsut.iron

cniwnoo at the assembly plant is protected to Contanation Diphragsn - After the tma halves
mintai this level of c anaes thrahih sl'pp"'8 of the payload fairing ar joined, the eneapstdalion

and encpstdatoa. is cmpleted by closing the afit operting wth a GSE

omiingern-y cleaning mnay also be required to reinforcd plastic film diaphragm. Thc doughnut-

reattain this level of cleanliness if the hardvwe be. shaped diaohraeni strches from the payload
cum-at contaminated. Coongeiky cleanling pr-oce- adapter to the aft eid of the payload Wrbing cylinder
duis outside of thwecapsulationi facility prior to and crzates a protected cniwxient for the
encapsulafio - ate subject to Giemyall D~mwk n spztecaft throigh inatisw to the AtllczCentaur.
jineeing approvaL Ckanink of the L61um d1ulI, -After the spacecraflt is wated. the diaphragmn
hard-ware that is reqited in the vicirtity of thU eanlnpae ni ia aladlsrndhxz

spacecraft must iso be ovctw by the civtois.~t when all flight doors are insialkd. This assists in.
spacecraft enigineer pnowcctng thc spacecnlt frugan Possible cokuaaina*

Cerainpaytvis uay esisctha C4lt~lhi& ion during Cntaur operatios pcrfomnwd at the
ticnaitical hardware .utfe44zc be ceaned to, a k-wil katuicir uroer after irarin;
of cleanbinss Otbcr than Vtsikiy lean LNaU -It

cause aditioaai ceaning and veticatida tiay be Pyto4 FIWt PWtal - ANtr.-c u~zca the

acnsary. these rtpnrinFVent aC inpleIxcntc on a Payboad fair*n coy woieol I cAt riU t

misin-eclirbasts. th HERiA filtered ea 's- fIhflo )toCS

L)yn a king r oaz i ag w chiq4ue$ - Genral that tire chl a c o( tW, convi" ren: --

large intr,~ payload Eutrn 4ac depeetdc on E T-9i tealL~atv .zrc

the impIcineatation 01, WOl Oai tcfn pr. a - the jgas at tOW inlu to the Paytwd (airng doX-

dtsrcs Vb+iv ctust taioit reqtutettieit. alt clean- fltf exed CiiuA WlMS.

ing prexdarcs are venified byzst a ,!v t~evw% Coes 368 ECA - The Compex --161 S kwnice
and gPnte b MautiflW Puae tiwe alccess !6I4 th-at Wte used to aVCc S the
Ig. 1WCi4L t~lg d Me P&o~m 3 fSSinliE b encqszbzc paylod (airing ane tk.igawd as. an

i;'fot~t U 1CLIS W~tI ~h~yJint Iu ~ ~wiounctalyCouuofl Area tECA) These

encapsulation cct have Woen o'wrruIcd so that thaN can be
(beaniness -;Er&W44U - Al,) cnannt--it' sa~oiio &c~irevrwn.U

t lh r~ w r Vurf M a cs ar me x; & wu t i etI d [OV-,er W s Ua1n Off the se le-V Ul, a scparac air cOndi nng

th e i tbl C le a nU- Lu p p lie 2 r t r a d s ri e bI E P A fi k tred a ir to t e c w ~ t

can be pxPovidd on a niissawuclue basis:nPtsp~w&- o a cottl dorcs aren

*Pattuculaw Obwunatk - bpc Lift Saulpling Clnrmgmnnscnbpuidt

* Navovic Rsiue NV) -Soven Wpc paecraft petsoninel wor4ikg oni :tww,* kwhek to)

* SamlingpOMdc optimumi contro as dictd b,, spazcca af

* PmuclawMoko~zFallot - Wsawevs Plates rcqwrcMenbL.
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t. LAUNCH AND FLIGHT ENIRONMEMS- Tcibe 3-3 Sparft iirniloadfacon fw Ada I4S.

This sectin desrbeas general etwioincnuil oudi- LCV tay-tsOai
uios that may be encountered by a spacecraft C*(1441W1 DWSCUOC gn2

diaing launch and flight: with the Atlas launch ILauisc*1 1.3 IS,8

Ftwgv W~ds xial22 03
3.21 DESIGN LAD FAaTORS - Ukgnlid24'
factor are primided iLM(' , -2 anmd 3-3N .-U. w-.C t1 SZI A.2 0

prelranmf of fw ~i~ i~i-±-

tvaluatin he 5u-afi - i sa vcu t ~ww4 .-

t ag pz-xna, -'he1fad zmcj~lCIIJ- X O -010 ::0.4

fir Vp*@1*t! 2 crc-Q of 8-rwuy of thc sp-ac- ia' -0-

tE~~~~t~~ngC 54)ctcat 4.00,0 todo-ts rc cdc ± 2

~ ~ 42  4~V~ 4 t  ttS Will r

p - -5 :ra -P")Pc s and acitoiw of :0a8

Cw vllg b oads 4ar-tots given are D-
to pnul& acO lk e desgn CnvelaNr v-O afTUsO

[4'tl airs m Y: el 9*i"W ZCcYfma r-vka2 szpxxrA Wn the 4$XU %b (U!4 k) o- w_ 0ti. xs MyA. 4ec
*3AW lb, (4,) 4, clzsb witf, firmt laW-j .a -W~
modes abokwc 1. Hz and tirsi wdAi modek above 15

Zt#J pi4 ~ Qo W* cs

th de ftcj&-atit acti-4v w of !,xi. -oi-If~t5&?

lo.adS Olt the space '.chWId forf both rf nnf an-j W- tub a as-4zys&taii o*,dla. (0 d4~niC.

iu4 the strady-staw and dynArntconscwixauidwload
Lk -3 V4?4b ^ 44cc ixvm fio Asi.j L. I. W

W"-u ovsw*%, 3.2. AVOUST4ICS ~- -The sp "raft srr to

7. ,11 FpIf L Wr 1tht ick is out otho smN4w
tat-±0 atts . oM p;IiOas, 14 %gh ba ve k4ufi can -yI

a' a 14'wr acoustkc ksV4 than th-e ots 11h. Wgt"

wc5.43~ acoustic lkvd olfus fae approminatev5 N cod
(WQAu ) -x4 ± -S during hfwtif. vehenthA, &41tstC energy of the. eingire
(MkuI3za~s ASI8 2-5- dD ±10 *.haust 4s bzig rvfeecd by the Liunwt pad. lTx

tAWWl - 120

SED twII 20-000 0.he swiignificant lesti occur". cl apprcautty M
Law' - 03 seconds during th, trasmtic portin of tkht and is

MEGO Aziai &0-&r0 %05 dua to tUa -coy i takwv and
MnAJ) AW UQK - *02

hi4gW tur-bliiu bmUndry la~tt. The accuuk L-vd
OmoalflnQ Anl 0.0 ±.24

_________________ .6 iw&4 the payknd faisinc will vary sightly with .id- V
*G~a-MS-23 (eret Npacecaft. Tis, is due to th acousti;c abkwrvp



tiooofeachsaecraftdependin gonitssize, shpc lope. No reduction in clurancc envlopc results

and surface material properties. Acoustic souJd from inclusion of the blanket since the current do-

* pr.surc les for both the 14-foot and l-foot pay- sign cails ior piae-ment between existing franes.

load fairings are provided in Figures 3-8a through 3.3 MBRATMON -The spacecraft isexposd toa

3. The is presentred are for typical spacecraft vibration environment that may be divided into two

of square cros sectional area with50- fiof he general frequency ranges: 1)low-frequency quasi-

fairing by cro sectional area. A mission-peculiar sinusoidal vibration and 2) high-frequency broad-

ac oustic anaysis is required for spacecraft with oth- band random vibration.
er fill fac~rs to bound the acoustic enviroruwvt.f The Iow-frequency vibration tends to be the de-

The spacecraft shouk be capabe of functioning sign driver for spacecraft stnture. An envelope of

proped) aftet on--minute exposure to this-leW. For the Atlas/Centaur flight measured k-frequency 'i-
the W¢,fouA payload fairing with acmutc Nankt, bration under 100 Hz near the spaecraft interface is

speci a nideratio mshuid be gjen to comPa- shotn in Figure 3-10 Te peA rcsponas =-otr for
nenu ocated withio 30 ih.. (.6 Gm) of the payoad a few cydes during transent twins such . laun .

mips WRtS(tWh I Mot PaO fairing . .stast B-eCO, jettisan e ea. and M-ECO.

fewer in number and loa. J fa,.tr from -th.~ a,~o Ced ods aasa show that intcrfacv acel;

crat nvd~m). Soend pressure levels fo~r ahhpoa-
uladnar t e ve a are gin in Eigure ,,~ ~crations are highly variahle with the specific sact-

C.sh dynamic ghatristici. Thu5. if the lowa
An p~aa risiopetiia a -utic hanket saccf Ws ~etwt h tso base viba~wS dtSign is dbailabl (sW. Figure 3-9) (o odJume high- it mcomtn d that the input kicIS be taikxed to

FtahnY acoustiC ene-W witInV thpayload eimv- the rcqsp o- leve 'rtsenwt h tssoi

-- I 7'- i

* U

4 t ........... 1 sttt......u ...

, J aI 15..S ,W W" it

IN3-& Avoi.a-titwu fA*dcL I. "ad IM, bSS"r4 h-X"t44,L I
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An acoustic test of the spacecraft will more accu- at the spacecraft interface. The separation deices

rately simulate the high-frequency environment that for IPJ and PFJ are located closer to the spacecraft,

it will undergo in flight than will a random vibration and thus the shock at the SC interface is noticeable.

test. If the spacecraft is mounted to a test fixture that The spacecraft separation device is at the SCICen-

has structural chartceristics similar to the PLA. taur interface and produces the highest J-ock.

then the vibration lels at the interface will be simi- Figure 3-11 shows the expected shock Lewls for

lar to the flight lels. It is not recommended to at- SC separation for a ty.cal spacecraft at the space-

tach the spacecraft to a rigid fixture during the craftseparationplmcfor thelypeA.A1.B, B1.and

acotic test sinm the interface vibration i be cro D adapters. B3acd on separation shock tests, the

at the LV intcrfac attach point but at some dis- shock levels fir the Type B B. andD adapters have

tance away from the interface the vibration le ls been raised from 50 to 100and 150 g's at 100 Hz For

wil be simiwat to flight levels. user-supplied adapters and separation systems, we

3.2U SHOCK - 1Tere are four pyrotechnic shock rtcw,4,mend that the actual separation device be

ewnlts &-ring flight on the Atlas I and thrcc events fired on a tepresentativ payload adapter and

on the Alas I1 cbigk-s. lhese are insulation panel spacecraft to measure the actual lcwd andfor qualify

jttisoll (IPJ), payload fairing jettison (PFJ), Cen- the spaceraft. Figure 3-12 shous the mt.imum a.-

taut separation from AtIa s ust.c. nr. and spaccraft c imuk l ve at the equipment module inter-

separatio w Since the sysiem, for Centaur separation face fW a custoner-ptovided separation syvsi.

(en Atlas is located far frm the spacecraft. the 3.2.5 THERMAL

sawk is highy attenuated by the time it readies the Wthln Fairing - Ihe payload fairing protAec the

spwacrall am; does not produce a s, ignfuf u Ahok SPacecraft dusing aent to a WnM-al altitude of
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,craft The main cagine plums are nonurninous due I -ft fairing ame shown in Figure-- 3-16 and 3-1-7. ro-
to the high purity of the LH2 and LO.h reacats. spoctively. As seen in Figure 3417, the &pcssuizn*

SU6 STATIC PRESURE (1P4VUMIJ VMRING tion rate is typically le"s than 0.3 pWise (211 '
VENTING) - The pyknd cwnpanmenr is writed kb/usoc) totpt for the short wranwnic wrri& dur-

dusing bowna t tbk~ on-s wm dos Pay lag hich the ckjwcssurizarion latw appuch Uh

knd cornpnzen presures an depiurizakon iiuise (4.14 kliA/se

ratca ma fuwctwof thefahingdeksign a *. T'he wnu alca of the WOOnc whkle payload
toay. TheI 14fairiong waea was dcsigned to have adapts is desiged aosn that the spacerift
a dcprssuinti rate of no uwe titan LO psise do"s no wrt an apprciabe vnowfl of inturna vet-
(49 kN'so Typial ptedkcd uneaure pnikslf uw-& tui~h U' pay't wadapter. It wet reuies
aid fmalfnnn depressurizazion rate pfite (tw the such vcndang misa -v.tr#z -Tdifwaioos can be
1441 Wriag ce swn in Figuts 3-14 Vnd 34% S rt- ade.
spectavcfr. As %"ms in Ngwem 3!. the depressor; 3±7CTMNthNCOTO
=ltion rawe is typtaiy ess tha 03 psi/ce (21 3... g fw U - pexnzt 2
kUaScc) etcco Wr a shore petiod. wiwn the bunch mom (ro an h Atls susAincr is sepa-
WAhi"' approahc uansonk speeds. dung hich rated%' torn Centaus. After sepaaticwt eigt ttu-
it 3 cO& Ui pWZOm (51.5 kta/se4 socket neAr the alft end of the Aittn (Sawo 1133)

The 1t- W4 aring vt area was desine tia~ we fireJ to enurte the eaded Ala stag movcs
deprcsurizazkmi raft i no more than 0.6 psme away Ntow the Centur, These cight rchunxokcts use
(4N1 kpsfscc) I'4 predcte Weawe Profiles scud pwpcllanzs and exhaust pakwutn *if consist U
and umin depresunntioo rate ptr tk fix the of suaaf sokd panides and vey low densit gase.
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during the c sisov/on rmintion avoidance am- hydra~ne &pletion. There is no irpnmg ment lur-. ne, (CCAM). CCAM is designed to tumv the up- ing the CCAM 4SON phase because the spacecraft

per stage a safe disWance from tde spaeraft after is forward of the settling motors.

separation. 3.2.7.3 UpQer S g Mai I ga Bto.<oe - As
A typial CCAM sequence is shown in Figure 3 Upper hta ge an d oogmr -

3-1& This figure shos ypical sacecraft motion af- part of the CCAM, hydrogen and oxygen are e-

ter the separation cwent s longitudinal and latnral pelled through the engine system to further increase

distance from the upper stage. Included am contour upper stage/spacecraft separation distance. Hydro-

lines of constant flux density for the plumes of the g" is expkd out the engine cooldown ducL- and

aft-fiing RCS settling motors duuing operation. 'e oxygen is expelled out the main engi b06. l, ex-

plunes indicate the relativ rate of hydrar e x. ptked pioducts ae hydrogen. oxkgen. and trace

haust product impingement on the spacecraft dur- amunts of helium which are noeoitaminating to

sn the ZS-ON phase ptior to blowdown and during the spacecraft. Figure 3-19 identifies tyPical main-
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1te spacecraft thermal and acoustic enviromnenis construction similar to the '.",'7. fairingcylindri-

can be tailored for each mission. Acces doors in the cal section is attached to the launch %ehicle with the

,airing are proided as necessary to meet spacecraft split barrel. The c-Ilindrical section provides 1128

requirements. V reradiating arstennas can be pro- feet (3.9 m) of length for the spacecraft. The clindri.

vided if required for RF access to the spacecraft. cal section is topped by a conical nose cone and a

4.1.1.2 Medium Pa. 3iad Fairing - For payloads spherical cap. Both the cone and cap are the same as

that 0. mtx require the volume of the large payload the LPF

fairin. a 10 8-ft (3._3-m) diameter fainng as available The MPF and the split barrel prtwide spaccraft

' Figurt 4-2), protection (thermal, acoustic, electromagnetic, and

The medium payload fairing (MPF) is also a two- environeantal) similar to the LPF and boauail.

half-shell structure cosisting of ski/strifgcrlframe The MPF and split barrel include mounting pro-

visions for equipment and systems similar to those

in the LPF Four large doors in the split barrel pro-
vide access to the Centaur equipment module pack-

ages and the lower portion of the payload

_ mpartment.

4.1.13 Spacer~aft Stolle Envelopes - Figure 4.3

shows the usable spacecraft static voune provided

' . by the large payload fairing. This envelope provides

a usable diameter of 143.7 inches (650 mm) in the
cylindrical portion of the fairing. The aft porton of

the envelope is reduced to allow for jettison clear-

. ,7 1 A, ances of the payload fairing hardware. The aft pot-

_______tion of the envelope around the spat craft adapter

*varies for each user. depending on which spacvcraft

adapter ctnfiguration is used.

•: 1 The usable static volume provid-d by the medium

VIM S"M payload !airinge ltope is shown in Figure 4-4 iis

. ' . ,provides a usable diatler of 115 inches ( l21 mmi)

in the yL1 drica! portik of Hie fai ig. Thc aft po-
lht of the enhvlope is reducd to allow for jetti.on

.. ____. cearances of the fairing hardware. The aft portiere

!'4-- -z-of the envelope around the sparccraft adapter varies
IN kir each user. depending on which spauvcraft

4KO MdU sL-J./ t adapter configuration is "sed.

LadOvWs surrounding "1h*p A, I1vpe Al. *1pe B,

~~~m~~~~~rlp D. A u lJvij J We 1. Type C. T~pe C 1. and 1Vp D) adainers a~nd 4
Rthe equiplilent modul are sholwn ia Figures 4.5

4-2



thtugh 4-11. The spacecraft envelopes defined in craft model num 5nclde the wimum umnufactur-

these figures represent the n,.-mi-n allowable ing t'rerances

-pT'acraft static dimensions (including manufac- For.wcecaft secondrysfrjciture (i.e, unse'urwd

tuing wtlerances) relative to the spacecraft/attach atww, rhwmal 4ield. ocv tri the tcwiniyorthe m-

fitting interfa,e. Spacecraft dynamic deflecticns vwop,, tr for proufa.z- that may etend o ut the

have Wen taken into account in arriving at these en- eWm- s , "wdi,-w w Gend Dw u

vekipes assuming that supaecraft primary structure -zw , to dfine qpnvwe emv4pa

first lateral modes are above 10 Hz and first axial 4.1.1.4 Spacecraft Accessiity - The four lare

modes are abov 15 Hz. In addition to spacecraft dy- dotws in the aft (boattail or split barrel) portion of

namic deflct1ions. these enveopes include alhlw. the paykad faitings will provide primaty aocss to the

ances fat payload fairing static and dynamic w spilcra T doors (Figue 4-12)

defections. maaufacturing tolerances, out-of-round provide an access openng appnimat.y 0 inches
conditims, and misAignments. With td-ee assumr-)a ('762 ram) wide by' 26 ihhes' (66 n) tali (LPF tk 06-

tions. a minimum one-inch clearance Nwwn the tail) and 40 inches (1016 mm) ,ide by 36 inches

spacecraft and the payload fairing is ensured. Re- (9144 !) t (MPF split bare) and am loc ed

dud ckarances may be peritted in thereaofthe tw p i f VmWrk pltkimns can be in-

spacecraftto-launch vehicle interface and wil be w t ts i

analyzed on a miion-pevuliar basis. nmt to Am amem to spacecraft hardaz na th

CMear nce layouts and analyses are perfortad for t Oi of he payoad cotwiv1tmJnt.

O each spacecraft configuratikm anid. if necessary. If additional zaccesr u- 0 spacooraft is required.

critical clear nwcxs ate measured after the faiuing is d4os can be prtwided (m a mission-p,.u~ar basis

instaled to ensure puitive cletarce during l ight. on the cylindrical wiion of each paunud fairing.

To accomplish this. it is ipimaunt for the Spacecraft Doms can be ocated in mort areas of the faizi) gcy-

desctiption to include an accurate phyaic4 kwatiou lindrical sectiotu ezm p near the split 5ms and iti.

otallpohzttnt ts h e a wemaft that e witli 2 in, tof terce planes Typical Aciss d"-s ar shoiu in

the alowvable envekope. The dinscaio or spav- Rigure 412 for euh fairing

0
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4X12 MEGCHANICAL INTERFACES - SPACE- er is employed. Figures4-13a th-woughi4- Igshowthe
CRAfl ADAPTERS - TIhe spacecraft adapter interfaces for the. adapters. Figure 4-14 shows the i
irvu-taces typicaly consist of the basic spacecraft- interfaces for the equipmnent mo~dule. lype A adapt-
tolunch vehicle allah ring with its securing provi - er interfaces are compatible with the PAM-DIll
stuns, the tiwv spaceraft mie-off d'sconets and 9378 adapters: Type AlI adapteir interfacesareewm-

the separation springs. Eectrical bonding is pro). patible with the PAM.019374. and 15pe B and 81
vidd across all mnechanical interface plane osso adapter interfaces are compatible with the 1194IA
viated with these adapters. It should be notd that adapter. The Type C1 adapter is a spacr adapter
the clocking of the spacecraft adaptr and separa- and pmwidcstOw same bokpnteinas the equipmnt
tiun systemr is not ruo but is determined based tin modulw. The spacecraft adapter- also trwides
spaecraft c'iemaiaion. Howvr. it is rcrincd mounting for some Wt the mission-peculiar hard-
that rte separation sstem keyway on the Type A ware. I&- spacecraft *ctukal4 u!mbilkats MrW ranrf
adapter be clocked in &-deg inments relaive~ to safety destru unit both maunt on the- Payload

die tawigh vehicle axis adapter. 1 -pe D) adapter inzevrtaes amc compatil

44±.1 byes otAdaptain - thve spacecraft :iapt- with de WA Aopr Alterntt adaperdcsf

cr. equipment modxuk or other spacetr adapters ppa, tuJ be delvepd tn a msu~eiirbs

ndek the wedianical interlaces bcween the 4.± lnwnface Miag - The interfac rung for
spmcccraft and lauixch whicke With the I:Npc A. AL tecLBadaatrads~e

IX 111. and 1) a4Wptes, Owe lauch vehicle ,twsi*s to pro*4e fo*r outng of a V-hantd ;.k 1P Wcpata

quiriu6.an intetfacetnhr t-ka the ANA*eada~eea Uites 'with tho vsprectart ad4aptm nrgad the
bwtc;d inut(we is Pt(uvi&Jb t de equipomert Mid4- V-band CU'.*i h"d OWe t WO tb for thC ArnZ-

ide And Iflic C a#d Cl adapts: If aSiwwc luretnt Cigwes C1 14% throughN 4- ISO sho* the ia.
ptfM'.ldcdtpac.%raft adflfltIs uscti; rnaw psouk tcfucinq rcuirten' &Anvftthe r A, A .&81,

inltlSfor 4w rund handhtva taVWb4n and afi4 U) 4puccr w 4ie The intcafact finp &W
utarnpotaion CquipmenaltoI palicu. tit tim the CqupuklrcCnddenwssd

ro e treetis sn ftrn~sandauncawla ohet spacer 24wotcs psii& a W4t c~ok with

twn di4#hngp Wness a OL)SS aier %az adapt %W;i~ Owe spac at adapter %iU unit.
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Sepration Sy)tem - The separation sytems pro- range safety destruct wit bosh mount on the space-

vided with the standard "pe A. Al. H. 11. and D craft adapter.

adapters are similar. Each separation system cot- 1

sists of a clamp band st ( FIgure 4.16) and separa- - S pa A ratructl apaiiti

lion springs to give the ncessary separation enersd

aftrhe clamp band is released. Theclw mp band wt nal centers of gv'ivy for the lpa A. Al. B. BI. and

consisof aclampband for attaching thesatelliteto D adWer/separatiom tystens ate shoAmn in Figure

the adapter str tule plus d.ices to cfraLc catcl, 4-17. Note that the struwavr capabdity of the lipe

and retain the clamp band on the adapter structure C arid Cl adapters is limited hy the structural capa-

after separation. Th separation spring assemblies bity of the equipment nodue. Figure 4-1' also

are typically rmunted insid the spacecraft idapter. slwms eqwpment *nodule load capability. 'Iis

The springs are integral with the spa-ecraft adapter curve is usd to assess the structural capaoilit- Of

,and bear on suppots fid to the spacecraft ra the launch vkick, when usei-supplied s c aaraft

.tame. The springs axe sixmd appropriately f(o euh adaptrs ate used.

mission to provide the proper separation wkcity

betw-en launch vehicle and spa-ecraft. '1- space- The alkumabk interface Woads for the 1Wc A. AtL

crat adapter atso piwidcs mounting fr sore o the B I. C C l. and D tayiko adaptrs and equip-

inismion-peculiar hardware. Te ,mnbihlwhs for wint moduk .at -n in Figurvs 4-1)& throgh

pacxcraft ektrical dis cts anj thw spa ccaft 4.l1g.
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It should be neted that the spacccraht mass and ther discussion regarding spacecraft designs that ex-

cteofgray (g caabilities should be used ceed these generic alowables. (See Section 7 for
only as a guideline in prelimninary des-ign. T1hey are additional equipment odule capability option&)
dtrmined using generic spaceraft interlae rin 4.1 ELECTRICAL INTERFACES - 11:sae
giom ety as so wnm in Figures 4 -I15a through 4- 13g , f/ a n h v h c l c fi a n e f c s a e s u -
and quasi-taic lItd facwws shown in l~es 30 r~uc eileeetia nerae r hw
and 3-3. Actual spacecraft &esign aliowabks may i iue -9ad42.yia ttlr nefu

vary depending upon interface ring stillness and re-I
N.ufs of spacciaaft inission-pculiar couple lads *A spacecraftdedicatcd umbilical1 interface be-

analys. Please. contact General Dfl"nntc for fur- lmven the umbilical discwureca locatd wn th

=W(COM MOP~wa flWT UMUW

Mat"" "4? ImjeI CVianemy"

r 3



RCU Sic MTERtMCE

. . S S

IL 73
:LyrL

_ _ _ wm a

Aguw 4-20 44MZu A1.114 a4d hAS Wpcr4ftj swwk h wwf"ce

Centaur upper stagem ad rse~of disconowts at separaftion fouir anakoi inputs for general use. ten.tile Spacecraft/awich vehicle interface comiand feedback disemms and t" scrial d3ta in-

Sp~i~flianch*tie sea~iw indiators terfame to, downliag data from the spacecafL if

Woated in the SC/LV tiw- discownes w wtify 'ested

s~par~on ib paragraplu bckvw deskribe the Atlas ckcui-

*A spamecaft destruct interface uiivazed by the Q cta m tI in~ IN dL

Ccntaur rafte Safety systemi) 4.13.1 VvO"~ Llttsbm~ - A sparaft-"-d

*Standard tusc-aff disconitecs (MS 3446E 3754) cated umbilica diwwonet for wi-pad operations is

and MS3464 0?7.5%) wr other ownetos frwo located (o the Centaur fowwd umnbihcal panel. Mw

MIL-C-81703 titat may be wrequited by missiin- umlical inface %iLLI h two SC-dedicated iscoff

peculiar chwiges A unique keying arrangemen discOIuwcIs livateId on the spaceraft (we Iigute

fo hcnmori ihy runwdd 4.19). T%6s unidicaf interlace proeides signal pat

11w launch vdsicle can alu) be wonigurd to pro- between the SC' and ground buppor equipment for

vide ckafical iterfaces for vious atissin-pcu- SC syvstem matori duriq jpdaum-h and lattach

tar requiatft. The eCunplwRIe of s4nal OM~d

availabl is as Woow: twsepwatoco uirAds 16 The umlbdicA d ime separatws at Ififtuff. The

or 1 (Albs 1) aull conumatds that can be con- ow sp!4)Cft riscWft disco uw wau $C as SO/
figured as Z8 V "dIscut of s%-,tth Cio.Ae functkM!s. Ceaur scatU120.. a standard umbilical with a mix of wire, configur- The SCIOSE umbi"a "otamn the followin
WArS. and an iaatnjmcntaon interfame Which can. complement of %ires itonu SC to umbilical

tai" tWO d!scrt iNpu Aor detctio of spacecnft discwmc:
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41 twisted shielded wire pairs- 20 AWG siwtches configured as 28 Vdc commands or as

6 twisted shielded wire triples - 20 AWG switch closures (dry-loop cammands).

4 ts siew C r of the switches is conturoled by the iner- --

tial navigation unit (INU). Parallel digital data from
the INU is dcod in the RCU and the addressed

Additional disconnects for signal interfxx be- relays are cergized or do-energized urder INU soft-
tween the SC and LV can be incorporated for nis- ware control.

sion-peculiar requiremems. The disconnects also For the Atlas I vhick 10command functions are

scparate at SCCeataur separation provided by the sequence control unit (SCU). These

4.1.3.2 Electr Discoonects - The standard functions ae controlled by the INU and can bF con-
adapters provide te 37-pin rise-olf disconnects for figured as 28 Vdc commands or as switch closures.

the spacecraft inferace. These risc-off disconnects The basic switch configuration is shown in simphi-

typically provide a spacecraft-dedicated umbilical fied form in Figure 4-20. The figure also shows a
interf=ce between the spacecraft and ground sup- typical spamcJt interface ichematic.

port equipnati. General Dynamics can provide Command feedback proisions are also inrpo-

more disconnects on a mission-peculiar basis if the rated to ensure that control commands issued to the

spaccraft requires them. Interface requirementsfo h icnet r hwni iue -5I .. spacecraft are received throutgh SC/I.V rise-off dis-
connects. Tim SC is responsible for providing a feed-

and - ic. bk lp ,tn the SC side of the interface. d
4.13.3 Spacecrat. Separmaima System - Thc 4..3.5 Telemetim Interface - Two teemetry op.
baseline sparation system for SC/LV separation is tions for data transmission are available- o the

a pyriveclmic V-type clamp band system. spcecraf.

The separation sequence is initiated by redun- I.aUrporating an independent SC-ba.WA RF tele-

dant commands fom the upper stage guidance sys- mctryoanaund system. Use of tis option *iQl

tem. The upper stage typkaly omirol the require nw, dification to the metal nose faiing for
space-raft pyrotechnic* actuated separation sys- implementation of a reradiating aitunna sysem.

te. Per for this is supplied from te main vehicle • Interfacing the spacecraft PCM and analkV a ta
battery. *ith the upper stage masier data unit (MDV)

Positive spacccraft separatia is detected via con- "te MDU inctporates software progr-nmable

tinuity loops installed in the spacecraft is.off dis- integrated signal c*mdititming and multiplexing&

corw s and wired to the Centaur instrumntation and multiplc.bit rates atul PCM formats. The SC
system. The Wpaation evou is then tele l red to data is interkaved with the LV dau and setiay

the groud, uansmtted in a PCM bit stream.

4.13.4 C*wurol Qm vAd lntwrf ae - For the At- A PC"M hardwie fink for SC and SCSE ineface

las 1, 1A. and HAS whicks. the renkm contol unit u availabk for syvet a tutoriing and verification.

(RCU)provides as many as 16 ctu n andsto omm3ad Spato 4r13t e r, Ma i Optik - If required 4
the spuccralt. These comm s ac s State kr range saty cansideraons.Aascan poide a

4-34



space_.f destruct capiAlity. A safe/aim initiator use in the bimkihouse, launch service builWn& and

S eceives the destruct command from the Cen aur umbilical toer.

W Flight Tenninatioa System (FTS). The initiator i- inty-eight-volt dc povmr can be prmided for
wtes electricly initiated detonatom which set off a spaecnft use in the blockhouse and the launch

bowster chairga. Th charge ignites a mild detonating service bTilding. The facility pomr supplies are op-

fuse which, in turn. detonates a conically shaped ex- cra on the UPS to provide rliable service

plosive charge that perforates the spucecraft propul-

sion System. 41.23 LIQUIDS AND GASES

4.2 SPACECRAff-TOGROUND EQUIPMENT Gaseous NiUropn (GNz) - Three pressure levels of

INT EFACES gaseous nitrogn are available on the service tower

4.2.1 SPACECRAFT BLOCKHOUSE CONSOLE for spacecraft use. Nominal pressure settings afe

- Four space is illocated on the operations level of 2U00 psi (13 790 kN/m2) 100 psi (689-5 kN/m and

Blockhom .6 for installatimo of a spacecraft approadmately 10 psi (6&95 klNm4) The 10-psi sys-

ground control console This console is typicaly ten is used for purging electrical cabinets for salety

pr(*idcd by the user. and interfaces with General ard humidity control.

Dyn aics-provided control circuits through upper Gasems Heium (Ge) - Gaseous helium at 2,U
stage umbilicals to the spaccrdL The control cir-

cwts rovied fr spc~rat .t ~ j~j ~psi (15 169 kN/m2) IS available on the service toe.cuits provided for space craft use wre isolated physi-

cally and electric*yfrom tho-se of thebunch vxhide Liquid Nitrapo (LN2) - 042 is available at the

* to inimize EI effects. Spaccraft that requite a Conqper 36 storagn facility. LN2 is used primarly by

safe/arm function for 2pog motors will also inter- the Atlas pneumatic and LIN2 loading systems. Small

face with the rangeoperated pad safety console. GD dewars can be filled at ranhg facilities ad brought

will provide c-abling between the spacecraft block- to Cmplex 36 for spaceraft use.

luse console and the pad safef cotS The safe] 4.2.4 PROPELLANT AND GAS SAMPLING -

arm command function for the stpcraft apogm Liquids and gases provided for spceaft use wi

motor must be inhibited by a switch contact in the be sampled and anaJyzed by the range propellant

pad safety oemuo. Pad Safety will cloe this switch aaly-sis laloratot. Gases such as helium. itrogen.

when pad evacuation ha ben v eirwd. and breathing air, and liquids such as hyprgoli

42.2 POWER - Sevveral types of electrical power fuls and oxidizers. water. uovents, and hypergolic

ate available at Complex 36 for spacecraft use. C- d&o.namiratwo fluids may be analy d to verify

mercial ac power is used for basic facility opciationu that they conform to the required specification.

CrItic.l functions ate cwaeted to an unintetrup- 4.25 W1I0" PIATFORMS - The CWmle 36

tabLepotrsystem(L!PS).1bedual.UPScumistsof senice tower prmides w .k decks appxinvAtdy

battery chargets, batterim. and a static inverter. The ten fact apart in the spacccraft area. rtable

battey cargers ame ne.,mally opraatod from the wtrkstands will be provided to meet spacecraft ntis-

O 1 commercial system. Howe r, one UPS may be op- sion requirements where the fixed wrk decks do not

.rated (o diesel gcnerator pouer for major testing suffce. Access can be provided inside the encapm.

and aun. UPS povkvr is availa!le for spaccraft Lated nowe lirin 1he axucss roquircerus wW bc

4-35



dek*Wpe during tOw plannig stag of each 43.1.1 Applce Doeummas - ibe (oRfiqg
mdocments are applicable to Iauch procesu

activities
4.3 SYSTEM AND RANGE SAFETY

At CCAFS mlor KSC
4.1 REQUiREMENTS - Launch w1ie and E 2. Ra S
spacecraft design and ground operations will be in

accordancewith the Eastern Spwe and Missile Cen- APR 17-100) Eloves Safejy Standards

ta Reulatiou (ESMCR 127-1) Range Safety re- AIR 127.12. Air Forc Ocatiowal Safty. Fire

quireants. and Air Foc regulations m Preventiw and Health (AFOSH) Program

Explosives Safety and Occupational Safety and MILSr.I522A. Standard Gene al Requirements
Health. For spacecraft processing in Astrotech In- for Safe Design and 4peratio-i of Pressuizd
temuonal Coporatm ates, compliance with Missile and Space S)uems
their safety policy will be reqWred. Should space- MILSID-1576. EkCUW Wi v Subsystem Safety
craft procssing be conducted in NASA facilities. Requirements H Tst W.Abods for Space
compliance with ESMCR 127-1. as well as NASA systems
safety regulations will be required. GD,5 Launch Siu Safety Manual

Chapters 2 through 5 of ESMCR 127-1 identify Atstre
spcecraft design and operational requireennts Astroch Safety Paq
that must be met to obtain range safety appw.a 4.3.12 AVV"We -- System and RUA. Safety re-

For spacecraft that axe deugned to meet Space quirements *il be analyzed and controls estab-
Transportation SyM crite mplie with LdW fm b design and opt oat ue
ESMCR 1271 should be speifw*ally zdicased in proedoes Out ate determined to be hawidous to

safty submiuttaLs, tft IWnh whid syutem or personnel. For lunch

Gmnial D4namics System SAety enginets amc from C.pe Canawal Air Foce StatmL

available to evaluae analyze and pr ide 5i4aflc spxw,,raft must meet 3 range safety mquirements
a coined in ESMCkI 127-1.frspacmf 4Wgn to SUPPM ram Safety Wp

proval. CLS will prmide specifw et of d"gn and The Uohming a rs will be evaluated for

operational requirimts that define Yaectaft- p '
pecuar Range Safety and spac raf processing opellants nd propulsion systems
iequiremuts. Snould areas of noo~orpliance be v rpicaig- systems

determined. Gewral )ynaiics %ik evaluate and • Orw'w sstes
suggest when a waiver may be pi Alew tile still Uticaltcocruaic equipm

meeting the intent of the safet reuirement. Farrudspot qia~
cach progam. a sysumn safety manag wi be des-
gnae who as as te s a f for in Noa-ionizing radiatio

te.face activites with the ESMC RaW Safety * rtiow sources4

Ofice. - Acotic (noise) ciiteia
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* Hazardous materials for the spacecraft and includes analyses of the

43.13 Say Doaa s u aztaz - The customer spacecraft to launch ehicle interface, The MSPSP

and spacecraft supplier shall perkm system safety also includes infornation concerning all hazardous

hazard analyses for the spacecraft and provide ths and aprocedu accomplished as
well as zU ground support equipment used duringanalyses in a Misil System Prelaunch Saey ~ pt, a~ywrigGop n

Package (MSPSP). payload processng. Safety Working Groups and
IMhnical Interchange Meetings will be held to en-

This data package wil describe, in detail all sure exchange of the safety dat necessazy to very
potentiafly hazardous subsystems of the spacecraft compliance with range safety requirements.
design. The subsystems designated as hazardous Rgh Awatsis Dats pafae - This data packape.
are: propulsion, pressure. electrical. ordnance. ra- prepared by GDSS. will contain gtncrdl spacecraft
diation sources, and hazardous materials. This performance. flight, and uajctmy (,.nd overv~h)
document summaruizes the system safety analyses inforauaim
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5 * SPACECRAFT AND LAUNCH FACILITIES. General Dynamics has formal agreements with U.S. 5.1.1 PAYLOAD PROCESSING FACILITIES

Air Force 45th Space Wing (45 SPW) and the AsMcb Bulldog . MWayl Pro-essin Bulding)

National Aermautics and Space Administration's - Astroech Building 1.with its high bay expansion.

Kennedy Space Center (KSC) for the use of payload is considered the primary payload processing

and launch vehicle processing facilities and Com- facility. With overall dimensions of approximately

pkx 36A aiu 36B at Cape Canaveral Air Force Sta- 200 ft (61.0 m) by 125 ft (3& 1 m) and a height of 49 ft

tion (CCAFS) (sw Figure 5-1) We also have (14.9 m). its major featumes am,

agreement on the range services and Cquipment to * Airlock

be ptvded. * High bays (three identical and one expansion)

A custoer mission support facility is provied e Control rooms (two per high bay)

on Cape Road at CCAFS, Conference rooms and 0 Ofice complex. admnistrative area. cwmwuca-

managemnt offices ate available for use during te tions m anie. and support areas.

launch campaign. hi~s facility Is caveniently Wo. The Building 1 floor plan is depicted in Figures

ated betiwn SLC-36 and Araoteh (see Fiures 5-3 and 5,4. The expansion adds a high bay complex

541 and 5-2).
adjacent to the south wal with a pass.ge bet%,%vn

The infomation that follows is a summary of the the 4vw high bay and existing aitock Table S- I lists

launch se ice capabatiei that General Dynamics tie dctails of nrn dinensions, cleuliness. and

prwidzs. Additimial details are available in the crane capabilities of this facility.
Atlas Launch Servics Facilitis Guide. S AE - Building AE is a spacecraft aud
5.1 SPACECRAFT FACIWTIES amisos t ratitws facility originally owLstruwtcd

"11w €ommercial payload procesing facility OWTicd bythe Air Force. Withwetralldimensionsof approx-

wd operatcd by Astrotch Spacv Opratiios. LP~ ' istal) ft (36.6 m) by 320 It (97.5 i). it features.

tIW prillry Wifa~ity fWr prM.Vssig ConUMMeu * Sp raft checkout areas (high and ow bays)
spave aft. Tis f~cility contrais sepai~te nohz-~accral. Tis ~i~v cntans Mist Directto's Cente aid VIP Obevation

ardous and hazardous ptocaung bwkings. stora *Cd

buildinV... and 4lfies. The facilities and 1i4A pba R&M ism Figure 5-5)

are des-ribd in the (otlsioing . € wis. Asmuch 9 Tkanwli.t Gtituuld Statva amid Laboratoti (in.

cinpfie: f(tlly with all applicable kdcrL state. re- cuIdi; Astl ch's 4m bmunicationsink withlk-

iOnal. MWd local statutcs. tudinanicts. rules and range)

rcgularw relaxing to sakly and CnvIunnctal re. Building AE is located in the CCAFS Industrial

quirenws. Area wn Hanger' Rad. ible 5-2 prtyides a detlkd

Should )t Asirotech facility not a,&quai.y at. J"criptioi of kilding AE facilities.

isfy ctmmwercial sp tcraft requiremns.i gotern- Sidin AM - BuilditW AM is a spciay designd
ment facilities, as pri ded ior in Getial tostwy facility constructed by NASA for space,. L .vtaiwNASA and General Dynjn-Udc A. caft pracessing and checkout. With dimension of

agreements. are availab, T.Ws "t ac too. ate approoumardy I W ft (31,4 rn) by 195 ft (59.4 r), it
dcscribed In the fi sections. feaww"e dual spacecraft c.eckout areas. Buuig
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stallatico. Tabl 5-3 lists the details of room dimes- * istruinnwtion L aaw (L350 squawe feet)
"ups. cleaans, and crane capabilixia of this fa-

cilit,. * Ground Support Equipmet (GSE) BiWi q
EIp veF Safe Area 04 (M W) - ESM 6A is (1.410 square feet)

loex d noeth of the CCAFS Industrial Area on Ti The Sterilization and Assembly Building and
tan ilI Road. Designed and built by NASA. ESA I0 square feet of the Prpellant Laboratoy are

60A cmnsists of four separate buildings: Class 10KLOOO cln rami enviroennts. All test at-

- Stenlizatian and Assembly Buidi (5.660 eas whin ESA 60A are either reinforced concrete
sq--ii3 fet) o4i'.ard' revemets to meet blast requirements. Ta-

* Popllaiu Laboratry (110 square feet) Wo 5-t provides the details of this facility.
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S*iectws ASWmMy OWi Eaaa F~tosIaimy paykw ixad ws activities of kog.Wtnn sat~uit
No.2 ISAEF 2) - SAEF 2 is a NASA facility kwte~d swoage, Stragv bay wud door darnutnsn an ther-
uwIIt3w of the KSC InlduwWl~ Air. It fc-kiies: "n contsW rangs are iWnuidki M bk 5.9

" Hli ba~y Astroech Beilig 4 Mrtbows Stoiqe Buiddi*g

" LAM Wr'vS (*.WO) - Astrividt's Buildig 4 is a storapo area withut

" wcf eaviroawuu ctmtIO~i and is suitAbc (or swoape #A

*canuotrW hppa cwto)t =d amacal (iSF. 1abk

Lktaits of the SAFF 2 facility wec in tabl 5-7. 5 0dab" " sd

PSI$Otd 1Iawdous SetWidn Facliy (POWS) - AW*tItb so"". 5 (tw~atir w oli sma~ig) -

1Ve PIISE is a new NASA Wth lcate umku Awm' Bu~n 5 pr't'd .60 WI t-33.4 m2)

of IN,- KWC lndustria Area (4ujaccu to SAEF2). ofgk pa" divi&dein17 vidu1 al oioewih

A "#hiooa feaurcs of the PHSF Sew=~c Bwlan a recewio afea wuai to wacdww le up to

ae dewtibcd inlbk5 thnc swcamits.

&IJ. $I'ACECRAFT SUPMNRT FACILITIES S.e SPACERAFT SERVICESk. Agstec Buildn 3 M~Ad SWoag Blding) ELWMIRCAL POWER AND UGHIfNG - Whc
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3W Viea (fo sibtWm UWAWrag CO* 00 oiju ith "MMb~oUneCO 60 HIdeuia pkCr N haz can be vas-

5-9



Th~t 54 ESA 6M4 psmiidi &vow $ri ba wd- ttie S-%7 SAEF 2 is th L ldw .#re h hnwdxw

Lw e a .nftwp 0.14 XlOW m 3GX35*
W kpt) Row. IC=1 no 1.00W
Rowdkflaim 1 AXlTm 3gx56* ftsSWu'b 0,31 M1I
Anneu lg-lM' tine Ca~v w* tamv all

Dkakusw 551.pn ISklq Pwa 1404 X 30.18m 4919Q1

CUaeM"I $PO 731146m 24X461 terse 4W603nt' 4.051 v
Owir cW% ( ftoot rse m 741

cram4" AP FdbmCkka 100.00
Ceuw l7 ?wit4 14 mn 341 *' WIIu~Jtg
Omwasseau 7.3 X107 to 24X35%3wQ~& W021S9 i0ot
fgdtogsogfl~f~ CWg OW h?W 12Am Molt

To"Ponh, 20b tt17 6Sio9ff l 1 Fbo u M.- 1 5-79X 211% 19X72ft

Pvein ~efhy S~ i.he ~e~ ,Ow hSOW (Va. 1) 782 m a a
Pi pmM Lewe: 60o ~h ayw~hea~ m~owt Pw s Ow2) 579X623. IQ12?!

en ft null & waft nS A dosut btesW of Pow w (No 2) 47-7 ffo 513 Vt
0OW 30 " N m4ft154e NgfJIQt*0stAdMUI wN euaf(Nck23 1325m 443I

U%"asc "w..s BXil1M 3OX fle bCAN
%W am 1001m' IaGS' Flow sze 2SXlm I~M 3717

CmuW~ip tiGs Rorv a, '2Wn 13699'
Ouucapac* PO2f&0 10GW w O~cig heldf ISMM 5231
Qwwhockhood 9.4m 31 * Ow owz. 67X t22mf 22X4Lflh)3

Ck~gwAdo 6 Xgi. ON( 2DXrs(*u t4S0055-t2
Eadtwwf Cat

TrfV&^* 23 t 1PC f3ltF4 Tot 5-8. ThePHSF Smsce Owdbamw NASAford-

RaftuI"w" 50:5%w &yf SUN"dou ptocewiiw- S~

rnmSdu Ouhbw os~js a cbawi Uwaflv. sft &RAr s 1641 32&n W0 1073 0
nwtWwanu Wwwy c06 ra@299 9awiofm
SbagptOwqsw. 9M1SXVM 2 no0X 5c0 O dw*Qtn 09K?229U S1553
SArqsuMWe 3XGm 10920) at40'h

OO wa~N% 10z$, 33751 ~ o

.4 s"t w-12 P40owO ~ is) 1 259M 5 X03%
cafbg" 11 4emaf I

uribuwed as 4&) Vachhree-phaic/3A. MUM~l~ yx Ot 108 1429. 35 X75 4
G'new cOCyV i3t3w0kg 0 to

three-phase/WA. ix 120) c/sn*kphase 21!A "w~ 'IO2,075

piner tonn kqlcation in BulWings I and I. Connwr- U o*4 4 11 a O"U 14 6

c'ul poais backed up by a diesel 0%,ftl during C" ho 33" i04rs
0oxwaotwW 30X3% lo 1.0 a0

critical testin and launch perioS. Ah0awh call Eataa "1t 0. Oa414
F'*n Qw WOOD0 qgwn'sf

;hoviadc 35kLV 4f -%Hz potcr. whicb is also bailed Aedw"gs r.ar pm w "wami"

up byv a diesl gewrator. YOW*217,13GW

w hog baysand aiuktks ill Owding I and Zaw.GvewA5
highted by 4410wat nted hauk ItiIajN wO minin and kig distance access. A Group 3 fzscsinike
W0) fow-candks MUwnination. Control roomts,. Ui1 macune is availal ana evwmcca tel se-iecc
Lees, and ixwkrencc areas law 3S-want iltwesceat ca be arranged.
lamps to niatij 70 foo-canle of iilauniuaon. 16 manntiaa a tm - Astoteh pto-
CUMMIJNICAflONS vides a minum( oo e hane of wiec corn-

* tqoMe .. Faiil - Aszrnzech prt~iks m~unications awng AD1 vuak areas. Tht acility is
at) welphon equipmen. kbca) wkpltwnesvce. csnned to the NA&AUSA Op.-caxul In-

s-ID



Tab, J .9 AVfo 'hNwd Sk ,, &/dis udfbr Astrotech provides antennas for direc S-band.
....-fem -_: srw-o , C-wad. and Ku-band air links from the

nm 1W"1 Astotech facility to Launch Complex -6. and an-

RoM i*p 7A2 x 0.71 or 7 m 2 X 022 r 2 tenas for C-band and Ku-band air links bet cn

6oorm 51.1 or.6 1Woae , Asmotech Buildings I and 2.

QsWtI 853"m 28 OTHUE SERVICESD"or V" &I X.62 0) in 2OX25040
M4 *M Teupealure/lHumkiy CoMnrol - The environ-
= MzS 5AO X 742 m 36X 25 h) e
2 nomln ment of all Asrotech high bays and airkocks is

GS9O .85t3o maintained at a temperature of 24t-2.8"C

(75:t 5" F) and a relatioe humidity of 59 ± 5%. The
Tuab 5-O. Aame ks Warke roWv udld* i evironment of all other areas is maintained by
s9za* bro VO of IMS mv Mnor reu Mckw e -Mors.

" C. Mconditioned air at a temperature between 21 and

ROM 1524 XAlm 50 *25C (10 to 78F) and a comfortable humidity.
P.M. &ON SW6m 6 OW * Comupressed Air - Regulated compressed air at
- oom 5.49 X 7m 92X 2S6t

-- 1055-131 125 psi is avrailable in Buildings I and 2.

tccommunicatkns System and ruasisnrized * Secu and Emergency Suptrt - Perimcter

Operational Paging Systn (TOPS) to provide security is provided 24 hours a day. Access to the
muliple-channel voice communicatims between Astrotech facility is via the main gate. where a

* the Astrfoth facility and sekcwed Wations at guard is posted during working hours to control

Cjp Canaveral Air Forc Station. access. Internal socurity is provided by cvpher

" Closawd-Cra TeteliU or (CCV) - CCV locks on all doors leading into payload processing

cameras are kocated in the high bays of Building 2 ar as. Emergency medical support is provided by

and can be placed in the high bap of Building 1. 1revard County and emrrgncy fire suppwrt by

as required. to pierrit v .iing operatiots in th"-- te City of Thtusvike In case of an accidenL per-

artAs. CCV can be disuributed within t- sonnel wiHl be transpord to Jess Parish Hospital

Astrotechfaciitytoany ocaion desired.li add- i Thusvile, Both medical and fire pCoiJwC

tm. Astuocch has the capability to transmit and have hbec traincd by NASA.

r-ciive a Single Chanici of CCI to and ,rUtM 5.2 SPACECRAFT INSTRUME3ITTION

K SUCCAFS via a dcdicatcd microwave link. SUPPORT FACIUTIES

" ad Das Links - Ast kch pro%,ic~ T 11e CCAFS area facilities dserbed in this sectio

oth wideband and narrowbd data Iansiis- can be used for spacecraft deckawt as limited by

som capability via a ,cated micowav link co m patibility to the spacecraft syste s. Special at-

and the KSCICCAFS ce transmissimon rangenvias and fuisng are required to utliac Mew

to all iocatios se ved by the LSOCCAFS net-

woxk. If a spacecraft requires a haidline trans, .. TEL 4 TELEMTRV STATIhN - Th1

Mission capability. the spaecraft is responible ESMC opeoates an S-band telemetry reccting, re-. for pioviding correct signal chatcteria"s to in- c.din& and seal-time relay system on Merritt Is.
terclac to the KSCCCAFS cabe trausmuI lad. This s)stcmn is u ed for ptelaunch checkoui of

SyWtM. laumi vhicks and spacecraft A typical grouad

5-1ii



checkout cofiguration wouid include a radiating cal tower (UT). and the blkckhou . See Figure 5-8
antenna at the PPE HPE or launch pad directed to- for a plan view of Spa=e Launch Complex 36.
ward the lIN 4 antenna. te m d cne & MOBILE SERVICE TOWER (MST) - The U
recorded on magnetic tape or rt MST (Figure 59) is an open steel structure ith an
data circuits to th spacecraft groumd station fo interor enclosure thai contains retractable vchicle
an ysis. Tel 4 aLso acts as the primary terminal for dcko levplaforms. The tower

elcoctIy data tmaisntrtted from the ESMC dwn-I contains an electric, troliey-mountd t0-mon (9072
rage sations. kg) overhead bridge crane used to hoist spacedatL

S.2.2 GSFC GSTDNITDRSS MBIA STATION- fairing, and the upper stage vehicle into position.
The Goddard Spam Flight Center(GSFC) station is Two elevators sere all MST levels. The entire MST
also kcated on Merritt Island and is the ESMC assembly is on a rail system. which allos it to be
launch afea statica for NASA s Ground Spaccflight moied from the launcher platfmm for launch.
Tba dng and Data Network (GSTDN). Included are RF cabling and reradiating antennas can b
satellite ground teminals puoviding access to world- made available on the service tower for spaccaft
wide communicatiom. Circuits ftom MiIA to HPF
PPF and Complex 36 are available to suppmt check-
out and netwok testing during prelaunch opera- . UMBICAL TOWER - 1w umbilical

tions as well as spacecraft telemery dowrlig lower (UT) (se Figure 5-10) is a filed sttuctural

during iaunch and orbital opetations. steel tower extending abo v the launch pad. Retract-
able seni booms are attached to the UT. The 4

Th¢ MIBA station can also support groid test- ibooms provide etectrical p i. instrumentation.
ing with lacking and Data Welay Satellite System ptoil t. pneumatic&, and conditioned air ow
(TDRSS)-cornjatibll spacecraft to include TDRSS GN2 to the vwhicle and qmeraft. Twse systems
links to Wtite Sands. New Mexico. Special airangv- also provide quickisconnet nkx hanisns at tlc
rit ns and docursentation are required for TDRSS respective vehile interface and pemit boom retru-
twiing. Ve GSTN is scheduled for phaseout when tion at vehicle laumch. A payload umb"lical junction
the TDRSS system becomes fully openatiWat box is provided to interconnect the spac.raft to the

5.2.3 JPL M161I STATION - This stationt is c4 e. tIcal gitund suppoct equipmint. Limited space
cated at MILA on Mrtitt island and is an clennt is avaiLbk within this junction box to iOstall spsie.
o the Jet Populsion Labato, (JPL) Deep Spauc craft-unique tkcttical gound supp.ut equpmnt.
Neatwik (DSN). 11tis station can be comfiguted for 3,3 LAUNCH PAD GROUND SYSTM EE-
ground tests similar to Ti 4. In addition. data fttm MENTS - The launch complax is sttrccd by gase
pavcraft that are cnpatibe with the DSN can be

iclaytd to the JPL in Pasadena. Califonia. pr iaS niiroem A s tiiun tue comp cx an.

S. SPACE LAUNC COMPEX 36 Eavirowo ta Control Sytena (ECS) exist fo

CONFIGURATION both the. lauth vehicle and the spueraft. Detaikld

he AU- launch fciliWty is Spam Launch Conplex deriptimos f the capabilities 4 these systems to
3(Figure 5-7) located at CCAWS. The major Lai- prie fkw spaceraft actisity is defined in Section
ties include the mobik wnic towr (MST). umbila. 4Z Spaccrft to Grow-ad Equipment Interfaces.
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6~ MISSION MANAGEMENT AND
LAUCH OPERATIONS SERVICES

M SPACECRAflIIUNqI VEHICLE (inertial navigation win) and Rockwiell lnterna-
iNTEGRAION Wmal-Rocketdyne (Atas engines. As the space-

Cle comrwnncauo between the spacecraft and craft -tnlaunch vehicle infegrating contractor.

LUR~ V~U4CiMEU&4)*St~ v4 1 [1155011SUC General Dynamnics ii iesponsible for payload into-
cms Ptoc4wt~s aod interfaces have been Csab- gratioa (i.e. electrical. mechanical. enironweqtal.
iisbed to delnwae areas of xxwopuibty and and ek-uormagnetiv. compatibility). guidance sy&*-

authority.tern Jitegataon. mission anlysis. software aesign.

61. LAUNCH VEHICLE RESPONSIBILITIES range safety diocwncntation/si'pporr launch site
-GeeraDynamics is responsibie for Atlas de- poesn n oriainec eea yan

sign, integration, checkout, and launc. This rk is ics produces Al launch vehic!le-related soft-Aare for

doneprimarily ac the General IDynatnics Space Sys- Atlas launcems and is responsible for lauitch vehicle
teins Division's Keamy Mesa Plain in San tiego. ascet zrajxtory. data acquisition, performiance
shown in Figure 6- 1. Major subcontractoms are Pratt analysis. rargatiug guidance anatysis. and rangea
& Wiuwe (upper stage tn in engines). Honeywell safety analysis

S
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6.t2 SPACECRAFT- RESPONSIBIUITIES - the pincpal irace=withthe Custorner for altech-

Each spaccraft and misson has, wn que rvquire- nical and launich vehidlesaeilure interface and inte-
means. Interested Atlas users are enc~i gd to dis- gration matters. T'he CIS staff (Figure 6-2) svppons

cuss their particular needs with General D~ynamics. the mission program manager,

Appendix B. spaceraft information requiremnrts. The mission chief eninw assigns a dedicated
can be used as a guide to initiating dit-lgue. Items in maission integrator for each Atlas mission. The mis-
bold in Appendix B should be used is the basis for sion intgrator is responsible for the timely% engi-
the first face-to-face meeting betweLD GIeuira! needrng integration of t&: spaecrat with thu Atlas

( a $ rd the pixauU user to assist in detenin- launchvle
ing spacccraitilaunchb wbIck oAxapatibility. Custom-

ers, are encowrageci to cotact Oceral Dynamics to Thw Commercial La unch Se.rvices oaganization is

verily the latest taunch infcmnataen. incl uding. aligned to prvd o~iklaunch Services. As illus-

" Hadwar .ttus nd panstrated by Figure 6-3., CL$ responds to. a ustomer or-

* a rdw e t tu and h c iplen h ils de b arranging ser ice frA sveral othe

* Lanch nd lunc comlex chahlesorganizations- General Dynainvcs Space Systenms

" Hardware production w~heduke and costs wIsion is the subcontractor resprnsible for Adas

6.1.3 INTEGRATION MANAGOEENT7 - For productfion. launch, and tsoupchrM19gra.

each Adas miwsson. General Dynamics Commercial tioc.. CIS has inracts in place with NASA for use

Lau.ncha Ser'&'si assigns a mission programr man- of 'he CCAF-S lau vh complex atW payoa nttta

agc. The mission manager is riesponisible for overall tion facilitie-z. andwith the Air Forc for ranige and
fiwti~flctt 41t w particular cutiomer activties at launch owt serVices. tktroicc payload incegratun

Sairi Diego. Cabtoinia and at CCAFS. lI:Wda, tIl is falit"is are cmnnalamd F'r Cirtneivrial Atla

5 ~ ~ ~ w CGKC1W

O~~~it It~ OC 77];6 L _ I4JVU LWi LW__~



program organauon concept has been used suc-

cessfully for all major Atlas programs.

Genera) Dynamic& approach to integazion man-

-~~ agemt is through establishment of a focmai Inter-

~S Z7face Control Document ([CD) agrecament and

[ j C formal configuration control following JO) signa-

loa 9 * tare. Eisting ICDs may be adapted to reduce the

*A M"aa *WL WAAW * &asu rncidvloment tine. (.oordsnauon of the Msks re-
*1S WTAM MM quired to develop and maintain the lCD is accomn-

sGSBtO&8d41 plished through management and technical working

Figure 6-s; Corswwaoi baAu Semven in~kwwu m- rus

304CC Sr" CIA4 WORKING GROUPS AM) RESPONSI1-

BIUTIES - In all phas of tie masurn. fromn go-
launches, with additional support from CCAFS ahead to launcwh. interface actiites betwecen the
when requifed. spacecraft and launch vehicl contractors are canr-

To provide- max~imum efficiency for amnageoent dinaWk byseilze okn grotps. lksc groups-

of the many CCAFS operations. alaunch operauiwis %1W-tct ild t1W spacecraft contra1cto as an actiw-

managecr is as iigned to ezich mission. He reprcns participant tkwk'p schedu"s mwnitor pnvcss and

mheisision mnanager during development. inwgra- ensure that the technl anvd manlagemen tasts are

ukxNE andj installationl ofallspaecraft-pcculiar ittlm aawnpisA propcry and on lime. Figure 6.4 show's

-it she launch site and arrival of the spxacw-ral0 1this the- ypcal *wing voups and their responstbdfitics.

WeO"
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T1e technical working groups can be tailored to as required. The MWG meeting provides an overall
support unique payload integration requiremes k program review, including review of the Master
should be noted that technical personnel frequen Schedule and Interface Scheduling Document

participate in muliple working groups. where qualifi- (ISD). approval of program documentation, and re-
cations allow. to ntu e the personnel requirn=s view of all outstanding action items and action item
of riw participating on-ra . cosures since the previous MWG.

The contractor and the oking groups exchange In general. the nA l working groups convene
information through minutes and action items do- as required to coordinate the interation tasks and
veloped during the meetings and ihrough control schedules. Working group meetings are attended by
drawings and other documentation. the technical representatives from each organiza.

1.4.I Nlanapm* Workinzg Group (MG) - tiom Meetiig objectives include: deveLopment of

The technical and program m s cdata echange lists, a review of outstanding action

items. a status of scheduled activities. and a discus-M~ a n a g e u W o r k i n g G r o up ( M W G ) . 1 1 tis g r o u p is s o f o t t n i g L i u s o o c r s
responsibte for coordinating and managing the ef-
forts of all mission participants throughout all GD also participates (either in San Diego or at
phases of the missio. This group estabishes policy the spacecraft cility) in senior nianageimnt meet-
and provides gudelies to the integration effom, ings held every six months. These meetings revi.,Lw
Where interface incotnpatiblities arc not resolved the oi-ccali status of the bunch vehicle. spacecrafL
Within the working group saructure, the MWG pro. integration activities, and owher matters that mutu-
rides the direction required to achievc spavccraft ally intecst sp 'crafi and Lunch %vhich-, cmtrazurs. 4
launch vehicle system interface cmpatibility. l . INTEGRATION PROGRAM REVIEWS -

group also matiags the ission i'igration sed- During the integation procss, t i es are hld to
ul., which monitos integration stAus inlad ing in. ma n atntion on sigmiicat mik.
terface do mewnetation. anah-wse docuentaatt. st s during 11w UiuzIh system design and bunch
hardware interchange, ard systeand 13 'bO preparation procss A5 with the woking group
i r¢ations Iw, qZahd tests, m iUngs, ttese review. can be twiwed tc the Yucr

61.4.2 ltcdmaul Wu,'a% Grow. - i Muical requirents hoier. ftr a fiSt-Mue la3Ch. thewy

woring groups are organtzed by lWictw and or- tinlu"e at kast a prefinunat ad critic, missi".

ate wuicr MWG authority. Fr itcms Ahat require iliar d'sign yoit q ud a nusa Xi readi(,U rew.
v-iahid attcntion fr resolution. tcchnicWa inter- In re -urtaui 4t v aluablK " d- k at barldo"

change eetings (iMs) can We calld by either the piwid i te- pas'i by NMA CLS ha estabished
MWG or a w1king group. n inlepende.r techaacal rwr.igt furction. This

&1.$ %MNAGUMIET WORKING GROVP group of srena.- pctumoiW participatcs in wchnial
IMETIN7S - The MWG €omien quarterly and an misson vcadinc ,s reic aid participates in

is =WMC411 N. rcprrescnzafia'c froin GD. the 4pac- the formalj rt"ViW pwcesses' Eiipnnq Review
craft "tracto. and the launch s wicct cu vmor. Boad jER-% Prntinary Desgn IRiw 4PDR)

The GO MWG scnior aember is the miisiso man. Cgitiai D &n Rev.w (CDR, and finaa lauch..
a4e. wto is suppwwd by members of the GD "i raditk".

6.-4



&IA4 Mlssim.Pecuilar Osip Raviews-Pro and separation functions, and any special iratec-O initadin deailed miskjruliar desigt GD W&~ try requireinuts such as therm-A manuvrs
a FOR to demonstrate axnpaiility bewen t dc- and separation owe a tcnrauy and traciig
sip and misswpcula requircmet Prior tooom- giound station
minin t design to producziea GD orwocs a CDR * ueiciuigpyia n

to amum the released desig meets t rnissoojc- velope. mas properties, dynamic characterisrier,
liar reqiirenas GD wnpare and Fveu th r- cotmnto rqieia acoustic and shock
vICws with paniapain om131 the sprecndit reqwreineas thermal requirements and any
contractor. launh savimc =amer. and h lanch vWi- special safety issues,
de 3JUgmi8fL *Mechanica and electical interfaces. including
U.62 Missom Rekaes Reiew - Tids review. sacecraft mounting costrain"s spacccrait ac-

conducted appratdmawly one week prior to launch. cms requirements. umbilical power. command
provides a final prelaunch assessment of the inte- and teleoy. electrical boadia& and EMC re-
grated spacecraftiaunch %vhicle system and launch quirements
facility readiness. T1he Missi Readness Reviw Mechanz,.4J '4ctial requirements fo:
provides the form for final- assessment of all launch gmn eqimn and facifities, including; space-
system preparations and for the contractor' ica iaungdnna tcawad upr
vidual certifications of launch readiness, evcs r~uc n anheirweu e

&I.7 ITEGRAION CNTROLquirernents. spacecraft -gases and propeilnms,DOCUMENTATIO0N
6.1.7.1 MUsso. tatupao. S M~ - 114 top spacecraft iiF power. aned monitor a=d coatrol

lobe) w4heduic is prepared by GD and nuiuorr by re~4wrenents

the MWG. It aSiatains siilty anJ cota o*l Thn opeuauons. irsldung spacecaft inte-grated
major proparn miles ne requireinms indludirq Ccstih& COW1UdowO opcatimo& a=W cbcIAoUZ =nd

W4oxking group OwwS. major iitegrated reiWn lanhSUP~
4esign and analysis requirements. an mor lunch ti.ii Inutrface Coctro Pousa (ICWf) - This
Wr4imu tss It is dcvtozd from the tasks and douew defines ipicc--craftH-Launch wilec and

seihe req uiiaeaas identified dauing the initial laursch comiplc interfaces. AUl masapcuae-
integratio mneetings and i6 used by all participating quJTC*wtWIs are ocunieote4 in 0wt ICD) Thw IMD is
uteaniaw"n and 'quaking s to WdeVel and prepwcd by Q D f or duIe trf ame Coot-tt V~kWtir
update. sub-tier ischedules. (houp aid is undeir conif%urneon ctntrol afwst $or

6.1.71 Icinfjsc Rqtqunmos DcumetsU EURO) ma) siai-ol The d-onns coasams the i4Wia
- The custw-w creates the [RD! to define zeitoaal and funcdteoa Jrcnwnts caiaasnd in the 1RLK
"rd fU$ct,4'tarquireinetSs hnjnd by thel sp=.c andi any 4dd.'naut~ unwtrnents (3-VekWJd d%18
"raft 4XI the launch %Vhic %JsVem. The tkemwa dhe .ntegmatid prcss The ICI) tSujxrse%' the
co'Ttan tile appflcae saceraft dat i&waid in IRD And is apprtwcd %%nb sagnuscx by both CL$
Appendix B. WnornnaaitVW Syial tvn inXClu4s: az"'I tbe, IaWK4I SeIX CUEte... * ~Mission requirtmets., inchiding tnbis pWaa- Ct..4 itefce Schddisag tbctwn tUSM.

Its& lauh wuukow parameters prcsepiratsA This dO6umeVt cOUjLas th.: UsChdules Q24' p aig



data recessary to accompfish integration of the 6.2 VEHIICLE INTEG1RATIONILAULNCH

spaccrat urih the Atlas launch wystem, The docu- OPERATIONS

innt is prepared by GD for the MWG. wit inut "I. ORGANIZATION AND RESPONSIBIU-4

frmthe lawtc nice cutril intr p IES - General Dynamics provi&s complete vhi-
provl isrequred rom oth D an thecust mw. c ittsg -,aon and launch services for its cuistoinars.
pro~~aI os required. eqrpmnt aonh GDerdsoenusel

The ISD reflects actions and agreenents made boy sy ~ ~ ~ ~ an esne

the MWG. whiich has responsibility for imonitoring opr~terans in lanhvhcdpame. th oling subsea-

and reporting schedule status. ISD ewens include lanhoean i onp .Tf pollowing sueivc-

interface documnentation. analyses docuineination. ,ps fspotadsie

hardware interchange. combined system tests. and available. Fgure 6-6 shows typical factory-to-launch

launch operations integrated tet. operations flow.

6.1.-5 isson esin v Aalyss Dccuent 6±"1.1 VehideiSpaecrif Itegration - GD per-
6.i.7 - Nfssion design Sad azalysis rt11Duixris2 forms laurth vhicle/spacecraft integration and in-

awti 'di Uw LS I .Ignw a t anai r&4 rment te c veiic to testing. This testing includes:

ly include: a. Matchbmate testing of interface hardvwe at dlie

"Flight vehicle trajectory analysis through space- spccatcnro* usiy

craft separarion guidance accuracy anay"is and Pooyeie

seaainaayi - For early w~rification of design

" Spaccraft and launwi i hule culed load - Fmr accessibility to Install equipawnt

analysis tilizing integrated 6-ynamic models- - Of, handliu/iflnt of

" SCw.coLV clearance a~si procedume

" SkOrtc decWhapt 1n aund targetii igttrs ~ tcuia aigitta~

"Mission trajecoVwydepen4kna aaalysis. sih as m tohdaw"%vyolwkAse
payudtarigwrtig Sparion ardWa kutiwt unhs

" Lauoch veciick stabitt and cwnral aiuiltunytieiilalso

AnA*sand hardwcr Lk*Vg to incorpovate - Mtl halw pkattrn ~~d~r

aloo-PecuLa changes to the baseline vdeci - Wtn maefns hA

tax "* - Jcctrical Luiducti'4ty chec"

"adi frquw opatibility and EEl) mnalsis - krta ICS atlge lenOgths

* EMIiM caomaibiit analysi "- iatest=e

anal~ ad dei hdiild ~ b. Avumicsik~.tical system interface testing in
Ulwqi a wsand esin ae uoduld i th th lategrauti Lbat ia (SIL) at San

W&iWWa~ iriuntion wchedtik asul are kwutl docu-
am in reports gentrated by (0. Updatts ate Dem uinga p.n ft imuar oro y pe

pbowcde~ a reutd and4 gred to during the inre~
grakob pocess. Figure 6-5 is a tyiAl tnissimn iinte. *Dti.cuutto aetw

gratio ichedide showng vha eau is emk=Wngd e Flight Willftl sV -.a inieIaces4

and wu a~ is 0~frld * *wct%4w s6jO interFLces
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WPCECRAFT CONlTRACTORS FACTORY GOSS FACTORY
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Rat~ 6-4 TWpcoq-W04cwuh cpwnzAs

c. SpW dc~k4 t eus a dw iwz sk: Vbntan test lbaw
Surfdaa Cwsiccu At~ coumb ad. t A) (to o Hydraic test lb~

Wdhu~tarmifo RF)* Pripflin tmnking tAstands

at the baunch pad (to t64 spaceraitt. ijuah - Ctxnbinedcu o~mc vtntzton aLvcctaxim
bet~c VnW lazac pad axnuicdJ L'4C can- anid ranpcratc centrifuge
paubdfly) - Thermal vacuum restchambeis

In~~~~~~~~~~~ adito toitrtoituac eiaain *t diaxio Laboiazy.
1cm capab4"Vims cnenI flanms uses tms Eati-
tim in Szn PAWg to wfdon sqvtm dc-vek~msu "1.3 Lunch Smices - to adjr~o to its basi
anti qualdicati testi. hcixics a~xk an irat- eCspO.Wbi~akis fa At~as desa6 , manufaciwe
gntcl eoimst arvi xbema cydIn tea fauix c.a checkout. and bumt (A) otens the k)kag op-
bit of patm4 rats on Large spar w0&s (we enucias .nlegratuinJ &zl o.umanzi tmiccs tn
Fi;asc (Cdt Oethw bfi aktcULJ& suppoit of p$eauac wud bamch opcnzion
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a. L aunch site operations support *Range ground safety and flight safety docua-

* Prelaunch preparation of the GD-supplied mentauion as required by Rang Safey Regu-

payload adapter. noxc faring. and other tatto ESMCR-12-I4

spacecraft support hardware - Misside System Prelaunich Safety Package-

* llanspont of the encapsulated spaceraft to (MSPSP) - Provides detailed technical

the launch pad and m-atn (At the cncapsu- data on all launch vehicle and spacecraft

lazed ass=*4 to die launch vehicle hvaz-ardous item, which formns the basis

* Suppr of launch w;hizlespacacraft iner for CCAFS approval of hazardous ground

fae st operations at the Lunch site

" Support of spacecrat on-stand lauach redi Flight Data Safety Package - Compiles

nestet (if MqusJe) detailed trajectory and wickel perform-

* Prepare for and woducz the jont launch aria. data (nomninal and dispersed trajec-

countdown tories. intao~us impact data.

bi. Provide basic facility servies and asiu .n3-sigma maximum turn raze data erc4)
which fru the basis for CCAFS ap-

installation of spacecraft grouli#ppott equiP- pia fnsinwqetree rjc
merit at the launch site. Thi typical includes,:rwlo us- -uqet~tdtic

tory
* tttalbtia Of SpaMCeft POWer. WitIUMIe d. Flight itatus reporting during unch ascent -

tation, wtd control equipment in the aunchi Real 4iine data proccssing of -upper sr'ge iliht
services buiWig and lxkhouse teeity Lt to paovuL tw- F9~'ning in na=-4

*Ptoviswn of electrical poutr water. gse Mal tine:
theclium and GN,.)kun cablecrcuits and ykt

on-stand communications M1 va oc ~kuso U~ ~

*Supply of oansaand payload air coadAtioninghogfjt u., w-w

Pf(16iian4 a . f -ct IF epeter*VOdxta paramutn of attained parking and
* P isio 'ifa gcccrft 1 reeate wstin anstc cibits (trouti upper M4ag gukdac

in the mobIe Semi"C VAflA peuttutg on&- a
stad spuweraft RF cswing)

c.Coordinatiou. prpr0~n n Cor-finuo ol spai.,ccrafc separatiow tinw-

iquired range suppon daaamrtn": Oi WAPM4vwJL and waccrfta auiaud a v-

*Air Force System Conmand req~uired deo-akt

menis - Required whenever suppxin by wny c. Tta%s- a 4 spaceralt data via upper sure

cemnzt tit te Air Rice Saiiwe CwQIJO h. tcknwv Aas an opaiowa) - Intedeavizig a Inflted

cility (AFSCF) is ir~ueszcd amtrof sacer data inzo the uppat suge

-Otia Rcqurenris Docunt 40Rf) telemetry ftufnlt arid doibninking it as pan of

- DetWl aul requ~tnts fir support Wh NPt sLant flight dat we=,a

(torn the AFSCF remote tricking stations f. Risflghi processing if launch '.chwc (Llu

(MT) aWi.or satellit WUn cetr (SIC) data -'Quick-oo. pteliunay, and fial ffight
during co-w1hiz flija operatid" esw-4u.uo vcpoats vA selcacd fligh dazU on a



zimelrs and quanuwrn bass, as negotated must tv. atrunged for in advanc. In addition.. with the custome" there is a safe facili for tesz and checkout (re-

ati. Propedats Gaes. md Onanc. - Minor ceiv.inspecton. lo verification tcszino) of ord-

quantivies of ON2. liquid nitrogen. Gik isopopyl nance devicts.

alcol. fireon Th and deionized water are prmded C2, INTEGRATED TEST PLAN (nT?) - All test-

prior to propellant loading. A hazardous materials ing perfmnmed during AtiWs design. devetopmenL

disposal senic is aLso pnwidcd. Spacecraft prope- manufature, launch size checkUt. and launch oo-

tants are available at the CCAFS fuel stocage depo& eraziot; is planned and controlled throgh the Atlas
Thc United States Kljzonal Aerospace Standards IntertdltPa (lTfl TI s encomassesal

and U.S. Military Specifications that they meet are Launch vehicle testing, including the spactcraft mis-

described in Table 6-1.lf the spacccraft uses any of sum-peculiar eqwipment and launch vchicle/space-

these propeganL5. they must be supplied by CCAFS. craft integrated tess

Sampling and An&%ysis - Analysis of fluid and pp.4 flp docunCUU all pases of testing in an or-
gas samples is pf4widtd as specified in th law pnzt stnxuitu nn at. lt providcs the w4sibduty

fWe Control Documn~t ([CM) accessary wo formulat e an intcgnzed rst program

* Prpellant Handling and Storige - Shonerm that satifies ornTal wechical r curwnts andJ

storage auldchvez to the HPF of spacecraf pro- ptovides a mnagement tW to conrol t pragam

pelLants. mlnnrim

*Ordnanc bwra:'e Handling. and Test - Spau The ITV consists of an inrdcoys-i de-
craf ordnanc and solid motors receiving inspec- fining tw wwp pht'qy and omiwgeamt
thxL )114C wiIC dies.k ri tet. nwu bA . pikies). a summarwy Seto (przwing asywu-by.-
amt c"l soank Wae and 'am check. X-ray. an systm isting of aul tests. rcq~wrcmctns and row-
dcliwiy to IWP Flight units may he stored (t suit fix hardwire dc'cbmernL and st'C

&Wjxox=matey durce mntxhs and to~r may We SWIa. dt&4ignated fig scwvn dilfe6rent phaaes 04
sbxed for up tosi oat hIs. Oher 10%s-ur Slot csl-i* s~ncitnoa quaflficatnn awapo-
age is pr~wide on a wpace..walable huand -h ket.fih ccuz. it ietc4scFge

p,00614t HVAA SW ~ (VO L-a inividual res p ans far echb Attu oaonass

Prc)StH sstl*iU&*yfl* MWCA-k2fl32. ten =f integrated sytcxn and provide the & dd
&flCCl*W Hh Piet R ~W £MP4 te&t rqwrcmentS an~d Panarnctti 'wccssxy to

P~c~s~t ~ ~Achmw desired tbsr obicctwes. Each wbiecuai is

P'V~ i&c~nsvde NTO. ~issued as a W1UUCw %Wl&I-kW docUaent permit-

AP*Al *MnOi UOC (L)N I) . NA$3620 tmg tS fCvtw. 4AWoaI ar i pkmntuwi) to he
Pvopsw& PAogr YaOcszt. MAO"-. NAS3620 accoot4ised sn&cpcndcdy (roan the parent docu-

MIL-P4!?4I ~ ~Omes Signatory appeoa1 n sw ured frOM both 61)a Prv(*~vw, %W004% Oaona Low ".cv NoS3%z And the cutonzt kw A Launch wce and space.
hGSM1C~iw caft mtegnte tEWts



ATLAS IISPACECRAFl C
WUEGRflED TEST PLAN

poae,- w - wm

POMWD- *OW-

AON S~$zc um S

ts KWS I TMJrMa~wI A~r

NAMw 648 tvwe ew PicM o'p aia

k2. ATLA AND) CENTAUR TESTr PRIKE- Cu~us jutiw dusscirncd %wtUL)D

URS - Ab teaeat os iatam e paitamcd irt =-. "t.ri in the C pVanxa0 PUM & = hqlt;hC Va-2
cordamx %l-tb &"Umntcd W pwOrdure ow mwctfaw and hiuwdwnt' toss "An We L4CAL;i

1nCpn#Cd by, teA ipeirai.muprwid t4' d peanncd Custoiw kawI It%WW-. am: ap-
p1tA~4i 11? iubECtifs togvtkie 'iith crtgWCxiUg prveww i s~-u". f fa plox4Qvews flid p.itW
Jrap &'iu ~wcatsamms The pwcu o PVA a$ WitO LVISC M~tCnc t*sw

oouq Adas fiahb tarwic are faunafy re-
a~cd pj,jpt*4 UWs rckawJ p" to -jji , I c"A lAUNCH VEICL TASkS - The (oU~wn-

!wuusi are %en (k~cd as psWpay perntwd by ivz isipaagraphs puMie an icsviw WA the f% pw ,isasc-

spmuon and made a psat of cxh tclucfs perm qwa* t 4 tsti laid autncs ptstmnnd dwnrli,
twat baty lilt ko usc in dCLCIutUng a~ccc manutucwat pedauvah ctti navw Lu~i

ior ~ ~ ~ ~ ~ ~ i M&a a uctaiu eaduks-S o4efltat. Wnd 4bc4 couatknn ot the
Wi~ pltcedures are lso daxumaucd 6mr w&' Aas Iauajh wtic. The purpke is t& prtwt&ci

sraft aa 4soa-pci hadware, and iL jainL "as-h (town~ *wh 430 IWcliCW w the pCmnJ CUSU a



&24LI Factory Itsus - Right vehicle acceptance Lanc Dzwd# ad Sinudwed FR& -- Ths fit ma-. (of fauwoy) tests are perfonnewd after fina assembly ja lu-ch vehicle e icis that all integrated
is comaplete. Funchioai testing is WRypciy per- Atas and Centaur ground and- nirburie electrical

fonned at the system leveL =p~sw d "eA ssesrespai and capable of pnwer in;-

civeks of the ptuiehwn taks and inuwtdiare taWi tplc;m operation tbroigugot a siau-

bulkhad. checkut-d of propdllarnkmliq Sensing lard launch coudownt and plus-count ffight

probes. verification of all ciecuical hambesscs and scquence
hugb-pressure tnenCC cIICCLt 1W W t- ess&*c al JIIVR) - The WUR is a

"29 Laacb Sat Prelaaact OpWm - Fig- tanking test to wcritV ihc rcadiuwss of al11 gro'"'$

wie 6-9 shows a tvpical Atlas checkoua 4Wz launch aind airborn 1w.udwAre. all sqport fL;nctuvws, 'he

'ipeaL'on sequence. Upon ardiva at-tWc oweh launch countid;o ptoccdure. and a-It Allas and

mite all launch vehic-e item ate inspccw wior to spacecraft suarnm -atunh operations penouwwl

ectwo ont~ the Launi pad. assignd launch countdown repovwtwhrics- Al-

FMwg erection of tic A~us and nnwwd~t~ of though paid operawins and slctedw wsLsiva re-

,,ovnd umbuteal ines subsyswm and stw-1iel spwa'L r nuad h D matte

rasts arc perned to vent., compaibi. ltt.&i hat heinicgratcd Ata gvx;;-L lirboni. ind

a3rt'orn systems and assi:Ptc- ground suppn-4 ussciatal lavas ustvs twictw4v.. tfOi~~ng

taqipmcnu iti run n j~j gt~ raagI.:rrataxAr at Stcidv to ;tippRWE 12k~ qp.

The payload fautag haMts and payloadI atiap3ih ttc.r -riv

arc pscparcd for sp4;cnsaft crocapsutt 4on 11 the 1-e fta-.a 40d WVU4 .1in1 Afttw;-h spaca>

Hp (ee Eigure: &10). rlw ajor rest arn Fww- c:raf asud iAtmh %i"bic 4tWWiS At tcluQd,

twangd beftve th- Launchwhick and launch pad arie pamuzttt vT44mcs f ?4 of p-Ctsennrcl and

prtinrcd to aacp thew aptte'f't &%id 'Sarta ttc- PAAti t5 In -m&~4.Ant DwCdtess WWl the
crate-d opesatvaS. l"Mc ts
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".4.3 Integated Opertions Folloing sue- Day ordnance electrical conneti- RI silence
cxssful WDR the launch vehcle and launch pad aie can be scheduled during the launch counidowii to

ppadtoacptespacecrtadco en- support spacecraft ordnance connection.

rnertt of integrated operations. Nfa~or pwIlacxh in- Hydrazine loadingt: Access to the MST is re

tegrared test and operations include: stricted duriag the of -shift hours between L-3

*Encapsulated spacecraft positioning in mobile and L-4 Day during Atlas and Centaur hydrazine
0service tower (.MST ansmtorahelunh 5U ge takfueling operati.

~'ehice. Lightning: Cloud-to-ground lightning voithin five

*PerforTmance of spacecraft flight readiness and miles of the launch cortplex after fuel or ordniance

system functional tests. including misson-Peculiar is instaled requires pad clearing of all person-nel.

command. control. and data retorn circuit-, both *Hurricanes: Tite MST is designed and proce-

hasdline a.d RE dures are in plac t secure iteluc eil n

*Composite Electrical Readiness Test (CERT). MST for hurricane conditions.

which includes space vehicle anid launch vehicle A summaiy listing of ihe tasks versus their ap-

operating :hrough an integrated Simulation of the prm~irate launch-day schedule (lau-tch days are cal-

A ~ final minutes of launch countdowni and the plus- endar days before launch) is provided fit Tbk 6-2.

count flight sequence. ",24.4 Laiunch Counidowni Operations - lfle At-

*Final launch readiness preparations. including las launch countdown consists of an approximate

tnc foallowing major tasks: nine- to ten-hour count. which includes two built-in

~'-Centaur 4NH,6 tanking holds - cmi at T -90 raiows (for 30 minutes) and the

- Atls boster~ antingsectutd at T-5 minutes jfor 10 minutes) - to enhance
the au--nt~ecpblt sez 1l)

-AELas RP- I tznking
- PyotehnicinsallaionGD's launch conductor performs the ov.:ralJ

launch countd-awn for the iotal vL-hicle. The launch
*L- I Day oqperxations, consisting oi integrated test-

rnanagmnt is designed for customems and General
ing nd fnalreadnesstass. icludng:Dynamics efficiencies and control elemewnts (we

Spacecrafi servicing as ream red ~ ~

- LaniA vehclec~osourSpacecraft ojperauons durirng the countdown

-Centaur C-bznd radar irnsponder zriJ should bc cornroilcd by a spactcraft ttest conductor

S-band ieFlnetv tosts 14 task whe-*~rn cs~k

-Flight trmrinatiom system test La

-Atlas final ordnarxc tas6, Gr'cu'i ano axwca s~w ttmowes wvss L-,.

Fil -all operation fWlov~tag spa~cvraft mate. thc *ywr netare viavr dt c~faa MDon L. -Ai -30r4 SwC1a
P F silence. RF isn m.,e - foru eight tu .ats ur&to'

afsrt.a zpwtinal,; L-3 Da.tor inmtail- ~LA~ct~ %*cl CyeW a

'wnof Atli ordinance jnd kn~ ihriv hun~ on 1-I 't

TTMI



S~ Located either in the Complcx 36 Blockhouse or 3t

- - - - some other spaocraft control center (e.g. in the
Sspacecraft checkout facity) at the option of the7-1 spacecraf customer.

As pad integrator, GD prepares the over-
all countdown procedure for Launch of d vehicle.

Typically. however, the spacecraft agency pre-

. pares its own lau.,lh countdown procedure for con-

troiling spacecraft ope-atiorns. The two proccdures

are then integated in a manner that satisfies the op.

t ________________________________________________________erations and safety requiremntns of both and per-
mits a synchronization of tasks through periodic

status checks at predetermined times early in the
1. MYI~ CtOKFEX 3aa MMWIAiCd.

tRE~CT. FRM 71-5is UTES count and a complete mesh of opefation during the
z StAxt VX 1UWMOM PaCp$ T-43w UWMS
3 MW TOiR R.ZOM T-1 " SWRTFN final steps leading to final comnmittal to launch.
A. MUiT- a . FV *Wt T-0 MUTtRS
5 M c tMUP U2 .k T-75 nam 6.24 LAUNCH CAP.BIULi - In addition to the
&. VA SMUECAFT SUA!UT AM

u. iik' T-% xM iSP scheduled 36-minute and 10-minute countdown
7ST CEWA!RAU~izY1W.G T-43 MXM~S
9 T4-1 K-11 10 W V-.= T-S KO.,TES holds, additional hold time can be scheduled for up
9 ATVS I TIMrA PM.R T-41 .4"i MS

10. CEWAR " IIMKEA T-M 4 ' to two additional hours under normal e.-wionicn-
II PAM IXkl0% TO I *MILI- toC $SO

1? SrTI LW A MnA SVJ T.M s=4M, tal conditions or until end of the scheduled 'aunch
-window. whichce r comc-s first.

WMISI) DRECTORWS CENTIR

A-1-a

'T$9 : x



Launch window resti haw typtcaW bee de.- adapter area, access to it wii be required to seivice

termined by the spacxAf misioa r-.quummt& INe de N2Fl4 symtei

Atlas launch wJkcl cssentia* does t haw launch 6.2.6 v LaUc.h AbetU nch ehicle 48-Hor Re-

wido ain.tiaks befnd UhoSC oi the tle Rqulremen - A lattch abort afr T-4 s-.-

6.2.6 LAUNCH POSTPONEMENTS onds and prior to T-0.7 seconds requifes a 48&hour

.2.6l Launch AbwtLaunch Vehicle 24-Hour Re- recycle. The principal reason for a 48-hour recycle

cycle Capabity - Prior to T-4 seconds (when the versus a 24-hour recycle is the added time require-

ipper stage aft pandi is vjected drtl launch vehicle ment for replacing the upper stage aft panel (ejected

has a 24-hour turnaround capabifity fUlowing a at T-4 seconds) and the removal and replacement of

launch abort due to a not-launch vehicWeIGSE prob- the propellant pressurization lines py-o valves (fired

lem. If the abort ccurs aftcr smcuing the interstage at T-2 seconds).



7 * ATLAS ENHANCEMENT OPTIONS
O General Dvnwmics has identified the vehicle modifi- usfied. please contact us to discuss additional per-

cations for the Atlas family to perform alternate formanie enhancement options.

types of missions. In addition. we are developing a 7.2 CENTAUR EXTENDED MISSION KIT
performance enacmn pakg for the Atiasperforan e s whc fil r te a alab wThe majority of previous Atlas/Centaur missionsUA and ILS vhcls which wiU lb availab in the

scond quarter oi 1993. have been to GTO. This type of mission typically re-

quires two Centaur buns and a relatively short.
Thti, setion 3Lfreqss@ the LflkAcmng m L5-rinu paiking-orbit coas. For oth-r types of

Block I performance enhanucmwas missions, such as low Earth orbit (LEO) high Earth

* Centaur extended m" 1on kit orbit (HEO) and planetary missions the parking

* Saructural uprares for tie pa-ylds orbit wast period can be much longer. General Dy-

aamics has inwestigated the issues assoviawd with-Lengthened 14-t10t pzjiod fairin
Centaur ..perficvrni an exundeZ parking orbit

ENHANCEMIEF AS coast. Thes include propellant nanageineat ther-

General Dynamics is deeklOng a pirf- ce c- real co'tro do sn, anrd spia"e h -le powcr
Wcaqui mwlts. % are developing a nssioa.puliirhancernt package to increa4 t.he perf-mmaw - .-

the Atlas A ad AS ,h ., kit that will ahlow Ce.,ar to pqf-nM parking arbit

• ,wnfiguraions will be availale in the second quar- .w a Of up to 90 minuts. Th1 Cedtauris mo --,f

V itr of 1993. The enhanc=ait package uses vehicle to irror , an addition helium botle, a

modfications that am straihthfoward and do ot ai1ed vent.tem for the Uqiid ,:gen ti. and ta-

affect stem reliability or operability. The ca. diation shielding on the eai mk "-waii(igu w

h=ane4 Aiais IIA and IJAS configurations feature 7-1). TIe Centaur's avionic and eketrical corpa-"

an uprated Centaur engine, the RL 1A4-. Thi, en- nents will te cawered with spevial thumal paints and

gine offers a thrust increase of 1.5(0 lb (2, 3W lb tapes, and additional radiation shielding to tumif-

thrust) and an IV icrease of) sec s (451 s- tain their operaing temperatures (Figure 7.2). T h.

The Centaur forward and aft bOldicaids wll ir=or. kit will be availatb4e in the second quarter of 1993 (or

porate lighter weight and more efficien! iruiafoi use on tie Atlas IIA and HAS vhducs.

materials. The air-fit solid roket mnotors on the At- 7 .3 HEA V PAYLOAD UPRATES

W HAS are being modified to dcrase thl nozzle For LEO ntissions. thevhicl parforimamvcapabil-

cant ange and increase the conpoent of axial ity excwds the structural capability of Cnaiaur),

thrust. In addition. seer" fhlit software and fn- equipment module and pa-ioad adapters. General

sion design enlaemneuts are beig devek d to Dynaan has inwatgat, twhicle ao&f~ios

further optmize the ascent pLase. TM perfornwwc required to launch payloads in the !00m to 18000 1b

vwds for the eaham-ed Atlas ILA and [AS are in. (4530 t o kg) range. Based ou the coigurawrn

cluded in SectiouI 2 of the spacecraft. either a 62-inch (1575 nun) o a

If an initial performanze as&sezmt indicates 103-inch (2667 mi) diameter nm-chanical interfe

W that a partucular oussion's reyjuireawa are not sa- can he provided with minot C4ntaur moditkazionS.

7-1



Rpmw 7- L Ctuw. aft tw&ked for avibW co451

Thu 62-inch (1575 mmn) dianeter imuerf=e uoultI Ths opion Offers the saim bttCd intcrface and

be provided by strengthening the curcent equipaent su yutxs as the cxisfig equipment nwuk. Il

module. Ile changes are sutraighwatd and in- str~ictural capabifity of t&w strengthenerd equipmat4

dud Inereasig the crois secu*otal area of whe for- modue is shown in Figure 7-3. It should be noted

ward rng and ircreasiig the gauge of thc sngems that if an apphcaimo ceeds this cumic. additional
~~OI stengttuming of the equipilent module is possible
Uw A 11i sOn-Ulliqi paylnad adapter and separation

syezn amles with the top of the equipn1mt mtoduk

MIArt and =a be pxrovi&ed ' v either General Dyniaics cw

Amr extreuiet Lrge or heaivy spat. craft. the
105.ih (26m67 nun) diameter interface offers great-

4 ~er mitttiess and structural capailtv than the

w / 62-inch (1575 mini) interface. TIs oxept features a

/ tnjss adapter. -hich is simiiar in design to those

ns flon NASMs iking program (Figure 7-4)

C4WTh dewsign irworprazes an aft twique box and

emak ultiple hard points on the Centaur equpimt mod.
Lw We and an intercosta in the stub, adapter (Figure

f~,y 7. 7~, ~ ~ ~ ~. 7.5). A series of struts attach to the hard paints and
towdw cm~&it support a fowad torque MLx 11w Wwaid torque
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bi pwiides a bolted intertacc. The stuctural cap-. this cum. the design can be strengthened to match aObility of the trtss adapte is shown in Figure 7.6.1It patticukar applicatitwn. 1the mission-uniqte payload
sWould agai be noted tbat ian application emcds adapte and' separation syutw that imtes with the

top of the truss can be provided by eithav General

DynMidcs or the spacecraft rnanufaiturer.

1.4 LENGTHENED 14-V(M)T PAYLOAD
FrAIPING

For spaco~craft that exceed the height of the suidard
144f"o (42 mn) payload fairing. %v can &declop a

leghenc' fairing. 1hw airing can be readily length-
mued up to 3 feet (914.4 mmi) by incurpmatiing a

spacer at the forward end oif the cylindrical section
(Figure 7.7). This Concept has been used pwciously
on other AtLas paykiad faitngs. Thw bunch avail-

ability of the lengthened vehicke is maintainied
thoug mninor modifications to the Centaur. Thw
payod envelope (or a lengibemed fairing is shwn

F~pav 7-4 V&Lq ma ~zr o ha~ ioj in Fgue 7.&
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8 * WEST COAST ATLAS LAUNCH CAPABILiT

Missiow Suncycron pol=r and salt~ cflmenu other than ik U&S Goeruumu will me

63-4&pee invlne wtits ar mor redl uca qwre* USAF concummt'r

from a t~ Cbasz launch facilty than from Cape SLC-3E- modification&. as sUIlnued in the fo-

Czw'aa P~z an nwpb M&lomftcing pages& hawe Wen discn~iI in detai with the

be cmpku3d and rmnpt safi ety fi aregj urW USAF OXvr the t tWom decades. NXASA and the -Air

mized from a West Coas sim.enw Dy= a FrCe hawe shared the use oi SLC-3 fatities fkw the

~ ~ flROS-N SEASAL GEOSAT and NGAA

(IJSFI ~azingto A~k{~4t~ycapi~iv ~ programs. Comlirtznd NASA-USAF capcratioo is

vWndenbag Airf Foc ae(AF)i jo~~a 4 for fut AV"s Cows Ilauncs with the At-

Plan hawe been &Omwd for modificatun of Space bu U family of laufnch whila

Latrich Corop~x 3E (SLC-3E) at VAMl Wo tic Aila U )FACIULrYW AlINS

H family.1. This seaia ckibd ALAs Ut Co~s Atlas laA f-aciiis at VAPS af e ionwel at %acc v.

hunch capailit. Lawimh Comptex 3 (SI (>3) as Mukstratd in Figure

Ii,&-I. SLC-I3E is 66-a'W- approiwulareiy swen nots

Auta II, 11A,= saIIAS broo VAfl does awa cbrrtm *W ltad w ~uml A=C 30 Mflh .VAP73 arW
ty t bva she MWA baa **-a to &t*NVa Whs m. apprnwIw~tiy four HW~fc~siNdABiag.&A56.

psi4Ibeno this tapafity brteae * mtitk% I.c t erejt' utfc k",t~ o 5 SL6 ag
AM& pnIcWed for 1996. the facility IW4 be oww4d bke A;o .C.iC6 n

USAF =4U be iatcwd to be usw or V.&Gw- U- ~ 5 W 73.5 arc sON. yThwuse aas
etnlo amis&~ts WSAE NASAJ Latches- &rpWa p~~4fp&M aii't*~cAa

tvWt ...... .... ~~s

F OWN
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11 family of launch vehicles andbr. for payloa of SLC-3W was initiated to a=comuwdate Atlas ElF

operatiolts. ICBM vehicles rdfurbished for space launch opera-

8.2 ATLAS HISTORY AT SLC-3 110115. SLC-3W remains in this configuration %ith

Originaly designated as Point AUguelto Launch addizio Alias E baundwes planned through 199.

Complex I (PALC-1). the SLC-3 lach facility was nl6 he diina tsiea~itce

ckwcped by the U.S. Nav~y wo Launch the Atlas D were launcheC from SLC-3E, and between 1966 and

ixNastcr w~itht an A&=n upper nage. Using the 196& four SLV-3s were launche-d. Following the fi5n4l

dual-pad capability, a total of IS Adas/Agena ie- SLV-3 launch. SLC-3E was rturned to minimumn

hicks were launched from PAWC-I between 1960 caretaker status until 1973, at uitich time it was mo-

and 196-. Upon comnpletion of tbis Atlas program, diie4 to launzh Atla EOF vchic~es in support of the
Pad I was converted to launh Thor/Agenta vehicks Global Positioning System &GPS) program. SLC-3E

and Pad 2 was placed in a minimum caretaker- was subsequw- iv recturned to the AtlaUs D co-n Fig ura -

SWIMu. tion in 1982 to suppmr the USAF Alas H- program.

In 1965. Pad 2 was confid to launch the Adlas Bevwez 198 and 1MI. five Atlas H vehicles were

S tar Launch Wthic {51M-3).a 6pce Lunch sasccestuy bauic1te from SL-C-3E folwd by re.-

vehicle design base~d on tic Atlas D ICBM sysiem. turn vof the hunch pad to mviniimm eaker aius

In 1*. fte U,& Naw wasn as-ksdr k e (urrent stai4$)_

sgnc to the U S Aar For"v aklo wn rvwpons&[*1 Thu htston ocSLC_3 is soninurtxd , in Figurc 8-2

Ity f=~ all 4tmv and W5iuiA latS% h $''J 8 ATtMS It SiTE DEVELOPMENT
Subscewtti. PALC41 was rekinidb t4e ~ CNUTSUIS-I 99(cca

USAYas SaceLa~ich Czn~ 3. nd bS IDynaue~ rwopzed that tOw planned W4) spacv
~wC rcuesgntet) atA.-w jtWf) ated -S.rJ lauh cwp~htiiv at \-'AflL had a significant pet-

~Eass W~l~dt,)2WkitnuanCc gap rtt. Af tild by d t",~ 11 !anuil.

Iwtwtes 1P*3 Okid 191Z U Thov~ N vwl" M~ winz sa~sivantiy bcndbt payknd wisston plan-
weste laustcmed frkntn SLC-3W lt Wr-. vm~fkakl nfins.W61h an Atlas HAS bunch i&ardniIhty at\AFI

-T W-U

.4 _ _ _
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a payload of 7300 kg (WOO [I) b) could be delivered into don of somie "wsnng hardware. and use of s ei x-
* a low polar orbit. 6st4 hmar .

This launch Vehicle perfonnancc assessmesit The activanon plan for SLC-3E irwcLdes reloc-
zesuke ip inital General Dynamic studies to de ton of the Atlas Launch Coutroi Center (LCC) from

tine the SLC-3E mcoifkadio rqieents dm the ezdsting Bkckhoase to Building $510. Building

wiould be nex-ssazy to estblish the Atla HI Wes 7325 has8 adequate space for Ctntaur rccemnng in-

Coast capability. lbp-kvcl requiremnzw& techbmeal specton to he pcrtoumt4 in this facility, The SLC-4

approachcs cost estimates, and sieactiwvation gaus nitrogen (ON2) pipeline is planned to be ex-

schedules wecre developed and prvie to th zended to SLC41 thus providing a high-volume.

USAF SbSequnt u&Ar interest I the ntLas 11 ca. 'nigfrpressure, supply to the SLC-3 site.
pability resulted in General Dyiamics development s4.1 oVat.DSRPIN -Fgr

of a launch feasibility study. P~dsa wr W~~no h anhst p
832 EVEOPMNT STATUS _ Throughou &"a&,, required tw achievw SLC-3 launch capability

19A1 General Dynamcs develped system-levl aMn fo ft Ata LI faiv hicles. New ari4mod'Ified

dernletd requireawnts for SIC-Mi activation. Coin- cqnt-otL dentitd In thwse figures by shadri&

,cident wi th is Gemmrl Dwmci autvnty. USAF S&We of the more sigmuficAat upgraesir&

wutazcd the required caVaronmenual ampauenn- *Ncw niobdem;- stawc s (MIST)
ronmental approval (E-A} process wubh S=3t Bar- Nw~ utblcltm
bara County in Oc-tobar I9§X and W"a L.A apjmWl MLV~ftCJ VA3 ij. %kt atWlj&l
was rccivtd in July 191. age~r~rt L-.

&,UiWduing P*) inluddran;&sctudztci * New Centaur L82 torage afa
toer the Atlas HAS Flight safety asce-aM c'.cn se * Mmdified LO_ stortwge area
q4cncng %as &clek d to ensure that SiJ itk * Ncw ON:! pipcihac from SLC-4 withrceiuz-
boostr jttin vent! woltesult in SRB csang
tipacts clea of all LWad " mse. =antg the Santa tributiu0&ttw

Barbara Chanum SI Zian Inad0o.epoiest Ncw MST 17 nt'v embankmt trakcks. and

in& swtdic verified that Atlis '.'AS quantity- cav

daa- (ID) safety cnria were in is'.v ui * New flarw wik for W2t 4urage t"n bLmlg
the ezsltig SLC-JE QU- c~pbave wing envdape. ipya

Rixnt actavitics hawe inclu4dd developing requWie- is SITE AC1WVAriON SCHEDUILE
mneats docunieants tot the tA.ahiv and grtxnd sup. General Uynzcs siudtcso and Lb-itrflt wchdiL's
[hwt CquipUwiC. plan for use ol the esasung facility, are itended to,, suppu a 1%6 Launh capability.
and activation schc~ks,

3.6 MISSION DESIGN
&A4 REQUIRED FACILST MOO W IONS 11e Range Safety reqwrcrants of a Wws Coais

The upgadc 4f SIC-ME from the existing Atlajs ti Launch sit pernn highiwanaauo orbits notz eask
* canfigusarin to an Atlas H AS !auncwh pad itwws aaucktd frox Florida. Highly inekued imblas.

iksag and tuimasio of new hmrdware modifia- ichuzg Sn-sslwhronous. Pouar. amd Stable
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- CA cOtF CALuifl 1 associatediiwith dsired inclitution inakwIs Fig
e L f ti~re &.5 iUittratcs pUnd cttst-it a rfeei=nc di-

r-t ascent and parking orbit ascern missiori to a tom

I. Earth ott. As a now. pa.-king orbit asceis missions
toLE uilz tn-Nam cocsrrain-ts and the lbn.

I L? ATLAS PER$ORMNNCE A SM

WV taO the spmifted oatints t a ftc-fu ~X

rgm8-4 .4cW et ~gIiUtC isn K.- tokpe as spviic.& aws~ the

t3 4-ewgre r-C'nauon orbits. aw% readily ackd UfA4 t u1ssMA~ fUt.1Wlfl%

Iwar. VAFE ith near-due sAOfl Luth aaruilis. P.,to~j Sy*kmWi - AsK-u i-!

Trtm, Ilnip - Astas iwwkutwin frm AFB peffoiinunV eapabdtws qtxzctl thrnts&'.&'t tht*. wil u34 uent paicSqC gand Tra$4Ikwy & . tI*ti is- Jit~ nweso~vu wm

sqn udcU ainst parking orbit awctt) ut to &&Mg dsvtsVf~kHP A$Bs W-1 u04WS)a "0Ct w 1he

utwtr iYa3 Coast c~wkttrparts. Ms.xtu lmk'MO sce>v- Pk=n dittv to 0,0 rxo~ -4M. ind4Ing (/N

4UCU&ing patarftctcf'i h al twrd to rc'pcI sjWcly. Mlh2Nk 4am(yqj4,k2i v jl '~t ta-kwr

IuaJ to-iight. andi haidwaw jctss .&r Q utttsl? ajapxr aftdabOS1QIJW mvurJ~ 14C- !4i 4

itid by Owe U,&. Air hwcc 5&t Spzca Wta. g, tt*xet 4Sltp id(? P#'&fl

uult S-4 alirmc scywral cndidi Izwh anuauahs &kn s)knt kww e $z The, wvba of the ?wawmn.

S&Mn%*O" OSMV C
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patoa aaptr ~tin, izacluia ch=&ps to de Pestnce Ground Run- The Aias prom-

Centaur tnn-vd evipmwiu na~ue. "smn% adpter, at, capab6iities presnted in this section -ire b.ased
Lad atrus mj'nuu amj~ p~awctrme paut of Ie mn ilk tajectoy &sivgn ground ru-clsted-t in Table

payload requind banhiar kd mu t be subtrate 8-12 and showii on each ploc
from Pa)Aawfwtzm Wi tto anSP* Pertiwnnswc i M- -w"I'n Eitures 'tS mrugh &8.
craft m'~m capabiliy. Payoad bariwaze require.1
me-nts v fromt missi to raisswn and &pcr 7 7
upon payoad inteitw S~trrei ~s ±n -7 sho Att 1 UA

wa ;: vk pcrfomv ,rc t 4w secdc orbit

rn~io 0 MI. a4 Vg~. ia and 9-.%b -4±o Atlas IhAS perfocrnaace

hardware 6, ha I aatkis Wti ac iWic b trian x

Tabte' 8-1. T4his ta k 4riit -- UI* C4 di $Oiasnt parfrmac todlipuica

NW~~~~N aad ,i Z'i' 1
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hisS *YIJ i, jtv Zl-ceS mdsvJPP1 oahiA ten-c a Iiit4c c-xi P- uiH.i d t 'ft ;-ar. qpet

'We t tN1UL caphthic are t%.3uOd l n Is{i !iq~c~~IV. flc eftwflazCtCOW" 'ci..nt'

r*~iosa Sp3)t W&m'I ) into gtapt xai aNts wt;h kn'w paitjcc 4t',

~~~tare h Mme. wht aeie 4't ahad (4. ..1 as-

TCe n * Ow 4 tav 318 40tu~ovdenr.F~rs . h~ ifi OW
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Table 8-2. AMas 1~ryoy design gnWd ndes.

Payload P60g SANe - All pw*fomWio ctsWa M u ftIwdad Wge paylad tinu
Heavy Payload Ada~er - User must 'educe peevmance iPSV4 so kwAde effecat of hav oaita **ce
Figh Performance Reseve ("A - Catm pope~m has been Arocald fl a 99 87% awurne (3-&wma of acde'-

V e Qj~ pwbi'wte cap'ky
Parkb OtIA PAmg AlM~ud - The mirmm p&AI oeb pwigns aMkzb is 00n fli (lt W4. Theis wlf appie lo

Payloa smotg Jefli Cta - Jeton ocos onl atr fte 3-sgma qV.£3S) BtiM-v (1135 W/n9)
Booster Stafl Acculeeon Lriie - O ow e 0mis twvraa *uimnw fte nn amia anmaation owa meaclie
sags Iis Fa LEO mimloew* DECO ocmas as 5.2g fr Atlas ILA " &,3g W Anna AS
Rang Stut - 11:(wnhaveow Irrpact POW*t (Sp) kace and inf"e3 poift of 0iaw iftm are 01ibaked 10 clem
w4andm by diste Via SaOsf V.&Mfrwv Wets, rflmwf
Lunch A*uf - 63,0. and %0% Omve mnd oWt -- mw Wwrs1 azkmi cown (* 155 agem *M waw km'

.2 )NE-BORN CIRCUL4R ORBIT CAPADIlE- Centaur to nwet the higher RC& tank pressuriza-

flY - 1Uie sit*l buns to citculae otit isacheved tion. -and elecrical ww; recuircrt-AIca associated

%wth Centaur targetiag directly into the dcsiled ci-r- with the longer coast mission.

* cuLat Orbit. Frot Figures "- ihrnug* 84 it is C1I 4GIANZSPRTO POINTING
that thia direct scent tcircular orbi-t is aitvmna- ACCURACIES

syxis for "iw-alaitude Drbits. As ahlitde increasci.Tm ra Ifvuvfcnba'no rcso ud
it ~~~ ~ ~ nz hardnc warea ~ctust withi tilm-e guddanc mobwaw pro-

it; Kw'I' payIm'a iojccu-Vt" ondiehwrishvaU

Div - Parkutq Mrt;mccol to 'Ciftular (rbix ptcf4Mg~ rcarp-eunj In r 0spons to ciwng1ing mis.

b5m~sifs tilz ta it rkin dN.i,~ &-sign to atchic s"411 meqwrcmenss., ibse twwuonalw epabdilies
ltttit miSWPn peiOflRCC w~hsw mui'g ?a endrusrtiotiin E.~~~Kh

Cc tzu ocaPWrl ctrstrants r ptrfuulzuk' sbs orbit. lunar, and nnerpaety nuwwlw,

qurted In this secti~m, Assums a pattiny 'inhs-t Accuracy fina a variety of Eanh-orbital nsisw

wrvgo aWitude (4 $0 ,tm (!48 kn4, Sincc- parking is dihAyvd in tat kW. aMd is tvpcal (if the
vwbitvm tsiame~~s ate increAsed for tdgher-4-tiwdje thRcc-fqgna" ccuwcs (kUowing (ina upper



.- .. - _- - aa-4ii

C o

oo

. .E

o/ -! E

p..

!i11!!!!111111!!N



.. . .-.L-- .--.. ... ......

, 1918

Ij --

-.. ._

r i,

- ,--- .

4AW 0"W 0Xi

I I ,-

-----4 °

a-J

.11--I-c. F j 'L-H 1111



K

ra

ujC

ca ca
Uin

640



- TE"KTr'V7 En
--TT.

C3 U

-1- -'CD

LI~Vol
12~~ v z~

p §2



* . . . . ...... .. . ..... ....

.000

oIgo
lat

-. o 0 14o, 0 1 a

Eta IU -~a..---..

c -



6j0 t

4 -1 I 4

IILI

-
K- 0



'fiuue 8-.1 i peaf imivjiom activvem at wacecimat sqwtiom.
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kwUm1m hlvwOJ raw kvv h~~an vC P e RAMN
Ubin(dog) (km) (dog) (dew) (dog)

LEO (itJ' 418 90.0 3,2 0 5 00w 0.40 0.05
(770 (59) (091

LEO (E1ArQ1ba) 380 9&.2 3.1 0.7 0.07 0&40 0.05
(M0) (5.7) (1.3)

LEO (Uc"via) 216 m). 2.4 2Z4 OLDS WA 0.06
(AM0 (44) (4.41

LEO (Ca"~) 38D 92.z 2.7 0.0 N/A 0.M
__________________ (50) (5.0)

-.14



APPENDIX. ATLAS HISTORY

A.1 BACKGROUND Figure A- I illusisates the diverse range of missions.

Atlas is built by Gleneral Dynamics Space Systems mission typs. and customer of the 73 AllaYV

Dwision. Major subcontractors include Honeywell Centaurs.

for the guzdance/navigation system. and Pratt & Vehicle reliability has shown a steady growth- To-

Whitey nd Rckedyie fo th prpulson ys- days Atlas has demonstrated a flight reliability re-
reins. Pnincipal vehicle characteristics include: cord of 94% based on the Do-w methodoog.

" Effikienh prcssure-stabilizcd Staitllss 51C struc-> Ik' the U.S. and Euro *e.-n gowriz. this ret-
tore for high-stage mass fraction cord has signified dependabiltyw in the enitusirncnt

*High-energ liquid hydrogan and owy-eI propel- of vitally important scwentifiz missions to Atlas and

taut upper stWg Centaur.. For prtor and new commewrcial custtwners.

" * vwdiwtWgi ,wd4c4hrwt it ensures on-tirm successu! launches and ttelite

and "otware tar lugh .accuraqy and tlihry systm rewotie. For Genteral Dycnics it repre-

* Proven record of reliability and launch depend-

ability fir lunar. plazwtazy. and Earth-orbn

M 1hec haw bWen 9013 AtlaS flights sine the first '2 _ I
q rwich and dev-ckr-wru taunch in N43!7. Centaur ii

.0ct Mmsit =1n the Tsun 1ilM botnrcr. j aw m
INe firt %W~ixCMUl hfight 4 Cenaur atop AriI

*txuutted in. Nwcmbet l&Wt Tn6 wus th owlwd\ *1

first in-flight :gmrrt"w: (4 a hdtcpwrdvb- C **tti

ek Three Y024; later. Ccuuau perfilrmed the,. first4

svccsful %-Pacc refairl of liquid hydlrto 'inctv%

In (Embewr 1'#J; WAith link flight. the, Centaur. te- i
search and dcwlopwnt phtae was kwnpecd andnaI

Centaur b",came fully ope~vatuvu 11
as

types and 4pf4."-titis hav been imnsjatcd and

Launched with AtLnfCcmtaur Alhwugh the moiwin =
and planets hawe ketn speal dawn~ns for Alas and

Cetur, WWd a wide rate of E~arth iwbtfing pro- #r
a ras have been acconuwhwd Milsixcniasr' OWN"" CWWS

beto finciA. fA c~meercia WAO *?n

-ud pwrsuness aaunWiaUtsatelitc mi4ts M~ "Akpahshv



Sernts pride in playng an .nteprai part in successful1 Centaur, our high-energy upper stage. has also
space programs fox oxwe than 30 years. follwed an cnVAuioAnbjy dewvk'pnnt to reach itsa

A:2 OEMMENT Centaur If and ILA onfigurations (se Figuwe A-4).U

(kacral Iynamics' launch vehicle system dek- Developmnt began on Centaur in M95S as a mewans

menrxpe~esfrntd19i~~wiw mi- to carry NASA spacecraft tin lunar and planetary
ffiet exerie dats frin temissions. It *-as the first upper stage to us.e liquid

tial studies began to xpt the feasiblihty of hydrogen fadl. It as reqtdired the deveOOpmmt of
Iong-rangc tnlkstwc mnis'les Arias ewved thrOne imrcw* avionics capable oW guiding its tninal pay-
various Air Foame ani NASA programs toward its 6ad on lua n" ' ThrouglumL the &dwv.lkV-
present r&-e as a highly efficient space lunch vehicle nhto ofCtarteav is ae

rsnt hiigore ofCnau.te voic a
(see igur A-!. cotinually been upgraded to pttwide outstanding

'&rsions of AtWa were builtseikcah fir orbtal ns-lc. cuaywuct-Ut M w

mianned and wunnd spact misions and as a %eight ci'nsderauons.

tnisr foN Centaur. the highenec gy upper stagepe etu Iprwac nptvtn wd

-,ncd Wecanr NASA4,w sp raft on lunar and plan. eincagt uthtetn rjr.wih

ciarv ri4 1.n. As p4y~ad weights itwcasd. bike Alla-i. is a ,:rks twl prc~surc-',i1bdexd
requircments were met by Attus impeovclncns. in. aswture. ShuidCentaur and 'ita IVCntaur
eluding incascd propellant r"n siand no d configuraw'nis reqwrc.d a knmitiniog 1,4 the hiquxd
cngie pedfornun" (ligule AKW3) twvj ;Aft) sank and espau=w i1 othIN diameter of

In 1Q0. the Atlas U bxiwoaer fkw Centaur *-Is ti' he hqwud htvro tank to 114 whes (4,32 nx-tri)E

'.clopd to .tnprtwc Aula/Ct4u, perfomance toy ftotal Owb IQitnJ, CI 304uewl dter)& wr to U1CICaC

"witsin pt~ptiwt cya4ityand ~n~g eni fuelt Capacity,

thlrust Si'e Owa c aMil ta step. Atla ( 61 Wa Whad AJ MISISWN INTWRAUhAi
sa scsul 1btias. Th.iss the bnewhnc wihckt Thke P.iwt cha Itnig Purt 4 ouar *gtng effor is

vihtdc i% bet" upntcd wo pawa e wAuil. IAL IAM Maswo~ ;nrrgraxxn We lut rntegawd user S-) dt(*-

.UA S 1 ail.wna typt Af *PUcerat with bolb Atla mid Cen

jM" AC9-10 WX

~ Mea I.vtSw Unit

"MWOD CflZ*064 "rI",j/~~ ~~nt toli L14COPVZ~

A t t u * /N A

Rowa A-2 MAu at Ccaw &sw necasu* tw~mJ to u"-* rnwonmu ousy wUSKU4



- ~A IFLGHT HISWlRV

F LiLA MS Th quality of Atlas and Cerntau launch senwes. &s

LWUn denwnxstrawtd by mission success is mdkllnt, with a
*ttVi" 00LP1 oinuous Atlas space Lunch success, weord kkv $

5ML AM."Iri wbnice o e ta st 14 yean,. Cetu had~ swng
-~ n.~ti~t~iof Q2 uperakoal4 suese besuten W97 Iad 1%84.

~~ ~ ait Nh Atlas and Titan twsostrs. UaW A- ILx

mefate ug oal o~raimxaI reco of AtiasCentiwr

as a ombined ichik cl aftrct R&I ighw5 -ca,

IN. rctiv acrias fru14i failvT%% %wee mtwzPonred.
~iu no Gaduresxwnc wepe~ad ao~nn li$t

Mawy (f th- -'am, vick aanhanccttwauntfs a m-

N ~ m~ pcvrtamuav rehah 1ty rtJ A4 te- tw Di t e -

&w Iot tVmstt Pbihmc An*uaruct pio~attt~

4is -ba-oin t~nIQ 14 the. ttvdtwu in fadur

ate pth iktk ajn"t of44-t

IflSu.wbl*. OU -4at pobtts tan 4pp(m-telyiF

md e 01P wri enbfyw t awn. a'aced Miktl as -us an d c4 outE smmient 144Vd out 'm

ThW e tntvl [Mamac we a dcwktpedw the WOs WWontjrt1Wne fIIVCC- O

* r cd to integrate paykvd% No, a.kNpk&h. the ptt&AbitJiq o44tS~ Mkees thcI ugh our usc af

untm-~u~bnchanges tw act rwecaly tv ocly; pnnn bardnre 4A higb inaweua&Ij~
qund wo acwunwdsc'I CAvn ate& abday an0 puthate th4z arc cout~kd And &Ubk.
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Table A -I1 Suimnarv of MaoslCeraaur opermoflo launch history

0mg whesw Vadle LV 1110411 Dow MIS"im Wmds LV Newas

VA 197?

wav 30 9"W~y AC-i0 SinesMa 26 INTELSAT WA WZ.39 Suwoes
Sept 20 SuA~ AC-7 SLMM& 12 ?4EAO-A AC-45 Suces

5 29 INTELSAT NA AC-43 am prwaim
1967 ta
Apt &sun 50W"A-12 SUcces 1970
fl 14 &txn~v AC-li Succes J"~t 6 *ITELSAT WA AC-46 Succe
Sep a &9vsyW AC043 suron Fe S FUSAOM AC4M Succes
MNv 7 sww 1.0-i4 Sme M& 31 INTESAT IVA AC" Succes

MAN 4e 1V PeW Wywsu AC-50SO En
MaJn29 COMSTAR AC-i Succes

Mn 7 &neym AC-1S Succes Au 8 Pionm bw AC-Si Succes
Aug 10 ATS-O AC-i? Cewar 2Wd Now 13 HEAO-B AC-.52 Suces

bum to-we 1979
*Cc 7 OA-A AC-16 Suce May 4 R.TSATCOM AC7A Succes

1069 SeWt20 HEAD-C AC-53 Sices
Feb 24 Mains mani A020 Succes Ince

Um2 &I u C1 UMJan' 17 FLYSATCOM ACS tee
Mr~~~c 20 anaas ACg SucsflTATCOU AC,-57 SCcess

A12 1.704 40.18 SUCO Doc INTELSAT V A"-3 SuDces

N30 040- AC-21 Swvc'Jee Feb 21 COUSTAR AC-42 Succes
lai St 23 t#Th1.SAT V AC-56 Sinnin

Aug 5 RLTSATCOM AC-50 Sucess
DO5I INTELSAT V P.0-S5 Success

Jan 2S INTELSAT IV 50-25 su o
May S Mas uMs AC-.24 Cofas WGII M INTELSAT V AC-SB Succes

W"EI$&" Sept28 *NTELSAT V AC-GO S&=Ms
Dec to INTELSAT W AC-O Success may 19 ITELSAT V AC-6l Succes

1972 low
JmiZ TESAT A28 suces Am 9 INTELSAT VA AC-62 Cs'laiw t"*

LM 2 Pwouw f P.0.27 Success ba' teAs

1r3 INTELSATN IV ~ f AC *5 seesIN
Mv.22 WNELSAT VA AM-6 SuCcws

... u21 050-C 40.2 SiMWS Jun 29 INTELSAT VA AC6 Success
i~fl Se12 INTELSAT VA A.0-8 Stecos

ApiS5 Pw~seG AC-" Succes Is"
?3 INtE ISAN 4t-31 SUccen Le FLSATC0M AC-S6 Suces

"Ws 3- MWLp A"-3 &-msm
-wg~cr Mar 21 FLYSATOOM 1.W6 wvw

-'1974 (*,
NOV 21 0475155? NV O032 Succes SWp25 FLYSACOM AC S &n
Its3 U

FRb £0Z - NytLSAT IV A"0 AIM amaO AP 2b CRISES ACW Success

*fly -S INT&SAT NA AC3 SUness Azdo S-8 CPC tsn ot~j

Sept25LSA MILA MA0 Ac-s in W O

jap 29 IELSAT NA AC-3? Stain. lew
15ev 13 COUSTAR 1.0-3 Success Feb 1o OscswK C10 u

Ai 22 L~AtS?4*~ >~gg~ ~AC-tt uces

CMIST" ~ ~ ~ A 5C0 & MMW1 A



* APPENDIX B * SPACECRAFF7 DATA KRIEQUIREMENTS
11,items listed in this Appendix arc representativv user mtrt pruvide, that e 3ta iiv, accodauie with spe-

of the information required tor spacecraft integta- cifieti formats. -Me folkwing aire the threte types of

tion and launch activities. The data usually is pro- data formats that can be =4~ for the transfer of

vided by the customer in the form of an Interface CAD data to GDSS ConputerNision CADUSTA-

Requirements Document (]RD) and is the basis for 11ON systems

preparation of the Interface Control DOCiuRnt 1. CoWnU11ervision Format(ft=nmCADDST
(lCD). Additional information may be required Wo fl.m - Dasta can be supplied on 12-inch

speii pccat magnetic tape directly from Computervisionspecficspaecrft.CADDSTA'IION systems as single precision data
B.1 SPACIECRAFT DATA bases. The _pd files and drawing 66le should be

Tble B-I indicates the spacecraft informationr,,! written to tape with the default bloeksize of 5$12 us-
'' ing the tar command svntax as folows -

quired to assess the comipatibility of the spcecraft tar Cvf /dev/rmtO partfile
with the Atlas. Items in bt-ld shiould he pnwided l'rr

a prlimnar wnpatbiliy 3~eStllfltAbae 4 1.=W - Data cin be transferred frvn Computemi-
items should be comnpleted for a detaiked assess- sitwi (AWS systenis. The & pd iles and draw$ ng fikvs

inent. "lls informution is typically supplied for the vhmvO4 be written to 112-inch 9-track ittagnettic tape
in CVASCII fonjt with thu- Futil ctpy woawid as

%vu"xcf.-ft prior to a proposal being offered by (Zen- k"los:'

cral IQynamics Commercial Launch Scivices. txpy pawifile -,tit/label - partnatne'

Tablem 11-2 thrugh b-s indicate spacecraft data 3.i ~ a= nt~e A x .k
required after coinract sigitaturre to start integrat~on Data can he transfer-ed frimi othwr CAD) systents

md-using IGIUS 4.0 ftrm~zt. Solids should be convert
of tire spaceraft. ilie astcriiks in tlwese tables id- to 31D -irefr-ame and surface totific-4 in the 1GI
cate data required at art intial meeting betu-een file, li1w nmamum number ot entities in the nY&.~

Getn-ral Dynamits and the eustonte. Tnnsd~ata *il should be ON .M1Curv making up btxundedJ platio
should be cviwmWcr to be independe~nt entities. TIe

pikiwiik, the detailed Wnrnatit") required io' fully in- entific-i and v icvws in the model shobuld Ix, wilsanked.

wgaethe spax "-Af in md t icetrrii stx Etities Osuld be as clos- s pwmr.~i' to the origin
tegrate twuer toOf tht model CirAAW&MC sWten Subfigutes CIVI.

items as Op~tiarrimiwl trajetu"y &% Well as it) tained in 1te model shaIul be itwtuded in the IC.FS

Verify etwnpatlbabv (4 the tawich v..hc:e nvirimi- fi Crtia quipcd surfice slIuu!tl tIv acimpa-
ruod Lw a owsh of chekp int lan on tOW surf a~c

tib.1ts and Usterfructs. at a ininimunn density (Af at lews three poits be-
11,2 SPAWCZAIT DESIGN REQVINtIENTS tn teu4h patch luwidary.The files sOuld tv *61.

tell to t/2-irwh rtulnetic tape at 11100 BPI. 7-Ni
bbie U-9 lists specifi rcqwvrerinels that sOuki We ASCII, rword sr i 4~ 91. sd a block iof RO) The

ixr~fit! b wulvif an/W Lm 1, te spft~afi tape should tv Labeled with thewe paranicters. 111k
e~tied b aztvsi andw ict b the~e~.rah iling COnwUnd iynta can be Use-d ficial UNIX

agency io be ctupatible fo lauth %ith the Atlas . ystUs
Should the spacecaft tui mfet atty of thes requirc- dd itmigesfil ofm4vfran4 cbs-obK bb-W~t

inenis. General Ilynarics %ill wtvk with the: cus- tvb"

titincr to resolVe the iminatibility. Iiir eah tf the czct, abtwc. the spacecaft contrae., S3 CAD DATA TvIANS11 E Q MFXTS tor sOuuld Vetify thu-1 the tape% -cont the cemt

Where the trdnsfer of venpuzeaided design data by reading the tapes bak into the igiginaflhtg

"CAD)l 4wtatw is required or appiprtakc. the CAl) -Ygen pIRW t) the tape trunstwttal 14 AddsA-



tion. all data transfers should have the following in- * Name and pho number of the computer system

formation included with the tape. administratorloperator

" 'bata format (ASCIL CVASCi. etc.) a Name and phone number of contact person if'

" Btcking factor pioblems or questions arise

* Number of remords * A muli-view p of the drawing

" Size 4 IGES file (on "us) As an alternative to tape trastersm spamcraft

" Numbers of lines in IGE. tMfe contractors can ekotrpically trwasmit the CAD

" Enti w ith a count of =h enuity data using FTP via the Internet netwrk.

I

'I



ToW. 0.1. .pmaiy$ infomaua.t wckskl., For aprelimkw oaa~iWiy sassWw, Oft, ianh bold PM Mad be canqVefed For a doMd cOanU
bi4 39=W"e 8Mi ft=s Sn be CwV*bct

4ucaif N&flS. Space aaf M acbw:
Spaeaff Ow: Spaa* model NIwvte
MNeW or PvQIn4a Comta Nutbe d Lanhet&
1Rlpn w. D"T 0 Cie0 l*lOWt

Sl Engls
4natMt Desig Psamete tirt Utf

TRAJECTORY REQUIREMENTS
1) Sol -e Mes .kg win

#)%Wi urbU Apoge ....~km ___un'

4) FinS Oit* Pog" .. km "a nv
5) R"n o"W kK"nWon - Ore -sa

6) Propei~o - propu~o ye od utSIneron
7) P.oPUWdo - MprOeWa "yedo#**"p~
6) PrWAopemo - msflie bairn e*Ait 110M)
6) fOqpUOL - wtopel s 4....t m

10) PropaMo- Effecatlp 5C__Se
11) Msf.Mmn Apobte MXOwS km mwn
12) Mk~nwn Psigee AIIowSIO -Ia n_.m
13) fgumnen of Paige. WB kenen - agi.. dog wa
14j MNA' AswwtiWt at m AsmuId~Ag Node NOI mt- os - deorse. 15) Apog Acwy Ro4*erwW .km n
I8 Podige Acursc 4nflm4t km("

18) krg~mt of Paigen Acc---ny vwquusnn OWN agros
19) "~ Ascensiof 0 W tewumdg No*e Acosec Heqaewt dogn - auos

MEC$MWAL INTO AG
I20) spakuf mehwmic DrsWnp (LeotctI COaWrKON)

22) SscWift HSV - M
2.1) 5psuI/tuchWCI kfttac Clwsm -*

24) %los euruOn Sstem sppe (IC at kv~

20i Nzsit4W _40 ot IPey'saw fak ig Acese 0%--nn*.* xf
2)Pre44pnhSSn MWAOM ?bt A Q&StuN bwnd twoM

aECTftAL JNTEAC
28) Spscastt We& tqor4ng

.,2#) N*er of taw~h vq sc M Q P-mad
301) IKV*M of $"WNW.~ Dim, i ht" e
M1) Wwion or Umbi i,4 aend PKt/A*-1k*
U2) Cw46 of =C44f&"d Eiearl FiMl RadlWe
S53) qt'w of frtetUnMAuW -Aa" paecuf
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Tubk B-1. Varcervq i~w"wuiom hor&-AWf rawmunl.

Engt0Gp
tpw - 11Osga Pwanou Uwft

THERMAL ENVIONMENT
34) Pralam mdm Wd itanupst 1ToawMwe R&Wge C -F
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caPPENDIX C* +ANALYSES IN SUPPORT OF MISSION
INTEGRATION

The folkiowii9g analyses aue typica&l conduc ted in sms. etrefm vthicle dispevsons and guidance
support of mnsmio integrauon aatt The anair- accuracy. The targeting analyss verifies that the
s"~ gene-rally are zw,)-piuased. Th prelinunary and guidance programn ahieme all the mission require-
final analyses it typicall so-hoduled as shown in nciet throughout the launch opportunities and

Figure 6-5 Of this guide. aross the daily launch winidows Standard vehicle

CJ T$LI&TORY AINALYSIS aispesMWl anaPyi demiatates that the guidance
The dasti4 ~ v fom aunc thoug ~ fl ft lgoithm s r insensifive to3-sigma baunch vehicle

in~ io itOthefi al misio o 1 ~ e d t- 6 W sa is that the g wd nc p u ram comp n-

ivifittesae missiw cyf sates &it these disrsi while minimizing orbit

Two ~ ~ ~ w~~ taf inse-t mrmiWrtion r=n. TheA errvnt-aunch vehick-ifi-st-
weigt te dsire fial rbs parss~ On SMWS arc abnwoma dispersions (t-g.. lasigmaz) and

mlii ifuwe ora peifedspacn'alft wivight. u i det rwe ikr cascs ate selected tf- sress t he
.Alon wth di $cv.ri* euw~ns4 -#o4ama Vmogam and domomt that t gunk-

constaints must be c'earlv est. .ished in nder to aswe sownvir c p.+Aic f42r ceed the vehicle ca-

create this cqoiIIunU -%trajetoty desgit :Vpica

SCCUIU~t dudq~reyenw mcNiPtudeCu(.

* iidmery darr. ocqwremtent for specific evni -4sts ~wtgclrwreattae

*Thertna! attitude- coiri 4; ,rn cm s hs rot inGdCls to tvoig toal guidance syste injec-

* Spcecaft oimlmg t sparaiontion accuracy. 1-adware errors modl the (Of-.
Spainlcecrafttgidnc iyswmnn gym and at:-

* 0 Spacccraft roll rates at Sepatratijon cir~as taeer' nld optto

*Acceptable solar a~~wsvtc durations and ai118* errors andvschicke dispersion effects.. Thesewvhicle
I UdS dispersimns meaude independ4ent vthicle andi atnut

* Naarnsumn .cceptable aerodynanuc heating rate spheric disperstwm that perturb Atlas and Centaur
at payloaid famnng jettison perfnnuincV. ilis accuracy aalysis Will inCUlud the

a Maximwn acceptable static acceleration level mine,. and twist and sway effects on guidance system

(occurs at bouster package jttison) alignmnent during gyro nuvnpassng. as well as the co-

In addition to the spacecraft requirements. all variance erro analyi of the guidance hardware.

trajcctnry design analyses consider the range safety CJ SPACECRAV' 'SEPARATION ANALYSIS
requircsnemts and policies estalied by the 45th Sixdkgrec-of-frcedo simidation of the Centaur/
5MW spacecrat separation'vCWni will Ue perfomd using

C.2 GUItANCE ANALVSIS finalizcd spaceraft mass propeaics to verify ta, Analyses art peformied to denssr-.te that the Centaur will not ronLitt the *pacecraft following
guidance and navigatson reqwircnents arc satisfitedA. epa ratk-t. a system relen. TIS analysis will demon-
A nalyse-s include targeting. standad vehicle disper- stnte cleaacts. preseparation tate. stpatan u-

C- I



tation. and .nomentumn pointing using the minirium state winds at time of maximum dynamic pressure).
relaieparaon ocity of10tw e This wwres 2) 9ECO/BPJ (Atlas booster engine cutoffilxmste
that adequave eparation distance will1 be achrieied package jetusoL which also cielopes liftofl) and 3
before initiating the collision and itinioii MECO(final upperstage mainengine cutoff). GustJ
avoidance mneuver (CCAM). flight wind is a low-frequeiicy event (< 12 Hz) that

C1 DYNAMIC COUPLED LOADS ANALY'SIS ;vou aiu osof clanc bten th

(QD)SS perf . rs rniszion-peculiar dyai ope spw.craft and payload fairing and high loads near

.)ads amyj tadtrin pccrf ods. deflec t base of the spceraft primrnay structure. BECO/
tion. ad aeekatins urin Ads tansentfliht Pi emites ail frequencies (3 to 40) Hz%' and produces
tios~adaratondurng~latrasintfig th maoiy of 0w- maximum loads throughout the

MOM spacecraft. MECO excites all frequencies and pro-
Tb cakcuLehm spaceraft .!wds during flight. Glen- duces the highest tension (negative axial) loads and

cral Dynamics nweds a dynamic fmodel of the space- sornetimes maximum loas on secondary structure.
cralft and otstput transformiation matriccs (017%). Spacecraft data recovery is pcertmed with con-
The.- spacecraft dynamic model should consist of tractor-provided output transformation matrices.
gen'~ralized mass and 5,tiffness matrics alongwith a 1Vipically. the size of the OThis are 2 4&WI rows for
weciwnmeadcd modal damping schedule. 11w aceeain,5-100 rows for displuvawnts and
desired fiormat is Craig-Brampton, constrained at 30)M)tw for internal loads. Thw output t,-" con-
tiwc Centaur intefface in terms of spacecmaft modal sis (iaximuint/Mmrum res&poase listings, time
cow~dinates and six (singe-poi) discrete Centaur pltndmdlar4
interfacc degtcs of freedom.. 11w dywinc ttkl tripwtin kof maxinsum responses. Siximumn/rnml
J.muW hawe an upper frequency ;:utt* 4%o 5 to (A) mu listingi ands time fu~tmy p~los of eme
ti I'M ()TM% should be in. kic form that. w~ ei~s.actems wionydsie upt
multiplied by thte spuwicaft modil accclenatioi tic At a Ukchical interchane Meetng early in the pro.
di4laccnwnt lime histies, they will rectfta the gat u uptrqetcn1 ntzd
deSired acceleratioiis. displawems or internal
1w~ds, 0te of tiwc MUj slsuld contain data tiat V.5F P'AYLOI FAIRING EN'TING4 J)MIS)N.

%dt ll w eakcuatiOn kA ioss 44 clearance twwti AND) LOSS OF CLEAMINCE. ANALYES

the payoad fairing an cuewpiMIb on th P .Aykd fatting winung analiws are pCrOrwmed for

*Pacccaft. irit-44-a-kind missiolts to evaluatc an-i vty that
spau.w.aft deprssunzationi rate ret~unewiclts are

Ilse coupled loads- analys are perfivmw'd i met. This at-3lysis is based wn the mvision Uzttuoy
Wodi vynls phased to support spacecrafl destgn ad spameraft geommtry and %oliwne.
and tcst scekdules. 1vpically. the lkw 4c-ycles are pre. Ucificatito oA Payliud vtara during paykWa
lintinary (early versio. detign of -so compiwonentstw spelnwda ar fth so
may not be fiwalizzd). final (an*attel trio-dcw kwanw t U eet fcts Allrfo rMd prewo th kis o
p le te d d e s ig n ) . On d v r a tio n ( te s v e r i e d m o d e 'l) ." M 0 L i s a 1 0 f r . U l t o f r w 2 W 4 1

Ge~cral Dynatiks ckulatts ipacecraft It"d (tv namic response are all indhtkd in a fully
three eVVZUs. 1) gustflight wind (gWU MW arid steadyW4X ilu i m olinear 4nalysis.



C.6 TYPICAL THERMAL ANALYSIS A frequency compatibility analysis is performed

New mission requirements. including trajectories. to demonstrate transmitterreceiver compatibility

timelines. and air conditioning, are examined to de- between the Atlas and spacecraft and considers the

termine if these are cmpatible with the spacecraft. LV C-bAnd tracking system, telemetry transmitters

Typical thermal analysis permmed f" each Mw and range Waty receivers, and space vehicle trans-

payload inciude mitters mid re~teivvrs. Worst-case intentional radi-

1. Par air conditiuoing analysis to vauate dial all ation impingement on the spacecraft (from the LV)

unique spacceraft requirements (elocity. t and on the LV (from the SC) is addressed under the

peratuve range) are met.analys.
Prelawnch RF links to the spacecraft ground

I Computation of free molecular heating on spa=- celaont filis o the spacecraft to

craf sufamnorialand aralelto hevhi& checkout facilities are analyzed for the spacecraft to
craft surfaces normal and parallel to the vehivhL

determine adequate link margin, 'l~pic41y. 5ink mar.
longitudinal axis for the walrst-case depressed d a utli ing the sna -

traiec".gin anysis is, conducted utilizing the standard LV-

provided reradiating RF system (using antenna
3. Integrated thermal analysis of the spacecraft and couplers and tower reradiating antennas).

Centaur to demwntrate that the pretaunch. as, C ELECTROMAGNETIC COMPATISIUTV

cent. =W' preflight thermal envionaents, te The EMC plan defines how compatibility within At-

compatible with the spacecraft's requirements. Us vehicle and betwen Atlas and spaccraft and

In addition to these specific tsks. General Dy- gound support equipment is achieved. It includes

namics supplies a nminal levl of effo ensure system d scriptions and tailors EMC specification

crect vehicle configration. integration support apications, covers lectrical bwodinggrouding/

and -umh activity sup(wt. i6016 wire roufig/shiewing. interferene emis-

C7 RIF LINK AND COMPATIBUTY ANALYSES ,iisuscp-,ibility. and shortduri~on transients

GDSS at alyW s the LV telemetry system, range sfe. within the system anid at system interreds. Th duoc

%' cowitand system ad C-baxd trauking v,)vem umcnt defines EMVEMC testing and analys pro-

R1 links from uwcb through spacecraft separation =.ces Uihrical operating repts u used to

to determine adequate link margins.. Analysis will ocument results of system LMC aweptce tests.

be performed f, imWnal loftetL and depressed the EMC test plans and prtweiures. Based on infir-

traje'toies for the missiol using antenna pattern matrion contained in all of te foregong. an F-MC

dat taken from rmige tearing of oUlu-1th al analysis is prepared to dmonstrate dti design it.

modeoL of the Alas. quirements defird to the ICD are met.
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